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CHAPTER I 
THE BOUNDLESS UNIVERSE 


Astronomy is a science that interferes in the daily life of - 
us all. In the day we enjoy the sun’s gift in the form of light 
and heat. But what is the sun and where does it get such end- 
less supply of these things so vital to us? The moon and the 
stars decorate the nightly sky. But, what gives the queen of 
the night her changing phases? How remote might the stars 
be? Could there possibly be human beings elsewhere than 
the earth we inhabit? Why are there stars of strange behaviour? 
What causes the solar and lunar eclipses? 

These and similar questions naturally arise, and the an- 
swers to them are to be found in astronomy. Moreover, 
astronomical information is also a daily necessity by which 
we measure time, take bearings, ascertain the seasons and fix 
the dates of the year. So we can affirm that everyone must be 
adequately informed in this science, though he need not make 
himself an astronomer by profession. 

This booklet is to bring you some fundamental astronomi- 
cal information. Where are we to start? Let us first deal with 
the stars, since they will inevitably come into your mind once 
you think of the sky. 


1. The Starry Sky and the Constellations 


How can we recognize and identify the innumerable stars 
spangling the nightly firmament? Since ancient times ob- 
servers have adopted various systems in zoning the starry sky. 
Chinese astronomers of the olden times divided the observable 
sky into mansions. 

Modern astronomy groups all the stars into 88 constella- 
tions varying in size and shape. Some of them (e.g. Andromeda, 
Cassiopeia etc.) are named after figures in classic Greek my- 
thology; others assume names of animals or articles suggested 
by the formation of the stars included, thus there are Vela (Sail), 
Ursa Major (Big Bear), Cygnus (Swan) ctc (Fig. 1). 

Like people, every star in every constellation has its name. 
The familiar seven stars that form the Dipper (Beidouw in Chi- 
nese) are part of Ursa Major, while the most famous star in 
Ursa Minor (Small Bear) is the Pole Star. 


Ursa Major (Big Bear) 


Cygnus (Swan) 


Leo (Lion) Scorpius (Scorpion) 


Fig. 1 Some constellations 


Two bright stars twinkling in summer and autumnal nights 
and thought to be facing each other across the Milky Way, name- 
ly, Altair (a Aquilae) and Vega (a Lyrae), are popular in Chi- 


nese folklore. The former personifies the honest Cowherd who 
fell in love with the Weaving Girl surviving as the star Vega. 
Separated by a divine decree, they could sce each other only 
once a year when flocks of magpies gather to form a bridge 
spanning the Celestial River (the Milky Way) (Fig. 2). 

What could we do in case we lost our bearings when 
travelling at night? 

The simplest solution is to locate the Pole Star which 
shines in due north, serving as the centre of the constantly re- 
volving dome of the northern sky. First find the constellation 


Vega 
(the Weaving Girl) 


Aquit 


(the Cowherd) ~ 


Fig. 2. Altair and Vega 


Ursa Major (see Fig. 3). Identify Merak or (§ Ursae Majoiin and 
Dubb or a Ursae Majoris and trace the extension of the hnnay 
inative fine linking them and you will discover a star of maid 
erate brightness located just five times the distance between 
them away. That is just the indicator of direct north. Another 
way to locate the Pole Star is based on the fact that it stands 
just in the middle of the imaginative line linking & Ursac Major 
is and y Cassiopeiae. The most conspicuous seven stars in Ursa 
Major form a great dipper, while the figure consisting of the 
five brightest stars in Cassiopeia suggests the letter W, so you 
will have little trouble to locate them (Fig. 3). 

The following figure presents a simple star atlas showing 
the principic constellations. The circle that forms the rim of 
the disc stands for the months, while the minor circle shows 
the dates. In the centre is a chart of the major constellations 
visible to the northern hemisphere. 

Hold the atlas and stand facing north. Turn the atlas so 
that the date on which you make the observation appcars di- 
rectly at the bottom of the disc. Then you will see in the cen- 


Merak 
(8 Ursae Majoris} 


Dubhe (a Ursae Majoris) 


¥ Cassiopeia g ——— — —— “Mizar (€ Ursae “Majoris) 
Ursa Major 


Cassiopeia Ursa Minor 


Fig. 3 Location of the Pole Star 


tral part of the chart the representation of the midnight sky. 
With the help of this atlas you can easily identify the corre- 
sponding constellations. If you want to find the southern con- 
stellations, you may just face south and turn the chart upside 
down (Fig. 4). 


Fig. 4 A simplified star atlas 


2. The Infiniteness of the Universe 


Since we have recognized some of the constellations, rcg- 
ular observation will help us to see that the positions of the 
stars and the constellations remain unchanged in terms of their 
interrelations. They all, however, move together over our 
heads. The northern constellations revolve round the Pole 
Star while those to the south are characterized by their daily 
rise from the east and setting at the west. It seems that a huge 
spherical shell inlaid with illuminant objects revolves high 
above. 

The fact is that the earth which we inhabit, instead of the 
slurry firmament, revolves. And the stars, varying in distance 
from uw, are not fixed on a shell as they seem to be. They are 
global objects “hanging” in the space. 

Stars are innumerable, but those visible to the naked eye 
are countable, numbering around 6,000. A telescope will help 
us to sec much greater numbers of them and the bigger the tel- 
escope, the more heavenly bodies it will bring into our sight. 
In fact, the stars are numberless, and it is just these countless 
bodies that join forces to form the infinite universe. 

What is the universe? 

The ancient Chinese were among the earliest peoples that 
developed a concept of the universe, a concept as definite as 
scientifically justifiable. Shi Jiao who flourished more than 
2,500 years ago wrote in his Shizi (Book of Master Shi): “The 
universe means the existence in space through the times.” His 
concept contained the recognition of space and time. Space, 
limitless, boundless and shapeless, contains matter which pre- 
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sents itself in an immense variety of objects, always changing 
and moving. Time is also indefinite, it has neither beginning 
nor ending. Thus, we can give the simple definition that the 
universe is the objective material existence that is infinite, 
eternal, inconstant and always in motion. The universe means 
just all the things that exist. 

“Heavenly body” is the term we use to indicate any one 
of the whole membership of the universe. Solid or gascous, the 
heavenly bodies vary in size. Some of them are sources of light 
and heat, others are not. Some revolve round a central body, 
which in turn travels about another. Astronomers, basing on 
the different attributes of the celestial bodies, distinguish among 
them stars, planets, satellites, metcors, comets, nebulae, clusters, 
galaxies etc. 


3. Cosmic Systems of Heavenly Bodies 


Innumerable as the stars are in the infinite universe, they 
do not manifest themselves in a disorderly way. They form 
groups, though such grouping does by no means correspond to 
the division of the constellations. A constellation is no more 
than a celestial region as seen from the earth, in which stars 
vary in distance and belong to different groups. Now Ict us 
see how stars are distinguished and classified. 

Far from being isolated from cach other, the heavenly 
bodies in the universe are drawn together by gravitation to form 
separate systems with relative independence. Of all those 
bodies, the following classes are casily recognizable. 

(1) Planets A planet is a celestial body similar to the 
earth, our home. We see a planet as a basic celestial unit be- 


cause we ourselves live on one. Usually escorted by onc or a 
number of satellites which are smaller and which travel around 
it, a planet rotates about a star. With the moon as her satellite, 
the earth is a member of a club of nine that make orbital trips 
round the sun, the nearest star to us. 

(2) Stars A star may be considered a massive fiery 
globe. Its mass is usually more than a thousand times greater 
than that of a planet. It has a temperature of thousands or 
tens of thousands of degrees centigrade at the surface and 
throws out blazing light and powerful heat. The sun is one of 
the stars, one of moderate size. It brings together nine major 
planets to form a unit bigger than a planet, the solar system. 
It is possible that other stars also have planets travelling around 
them. 

(3) Galaxies A system of hundreds of billions of stars, 
a galaxy also includes nebulae and other interstcllar matter. The 
galaxy to which the sun and our earth belong is called the 
Galaxy. 

(4) Metagalaxy This is a name applicd to the whole 
observable universe, consisting of hundreds of billions of 
galaxies. 

(5) The infinite universe Countlcss objects exist beyond 
the scope of human observation. As more and more power- 
ful telescopes come into operation, the universe known to us 
will continually expand, ever greater numbers of heavenly 
bodies will become our new acquaintances. We can never, 
however, tell the total number of those bodies. The universe 
is infinite. 

The following passage provide our readers more informa- 


tion on the stars and galaxics, leaving planets to the next 
chapter. 


4. The Stars at Great Distances 


As an enormous mass of blazing gas, a star gives light 
and heat and has a kernel where the temperature is unimagi- 
nably high. All stars keep very extensive distances from the 
earth. Of them, one that is nearest to us and constantly with 
us is the sun. 

Stars constitute the overwhelming majority of the celestial 
bodies. About 6,500 can be seen by the naked eye in a cloud- 
less night. With the help of a telescope we can see the less 
bright ones, and the less visible and invisible stars total im- 
mensely more than those ever seeable. The approximate num- 
ber of the population of the Galaxy is now put at 200 billion. 

The biggest star known is ¢ Aurigae, which has a diameter 
2,700 times as long as that of the sun, equals in size to 20 
billion suns lumped together. On the other hand, the smallest 
star is no more than one 260 millionth the size of the earth, 
with a diamcter shorter than 20 kilometres. S Doradus, the 
most luminous star ever observed, is 480,000 times as luminous 
as our sun. 

Formerly the stars were believed to be stationary, and that 
was why they were referred to as “fixed stars”. Modern as- 
tronomy has discovered all stars to be constantly travelling at 
the speed of kilometres or even hundreds of kilometres per sec- 
ond. Moreover, as times goes by, they change in their physical 
properties and chemical composition. How do thosc move- 
mcnts and changes escape our observations? 
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First, distance plays its role. The average span between 
the carth and the sun is 150 million kilometres (Fig. 5) and it 
takes 8 minutes plus 19 seconds for the solar light to come with- 
in our sight, Proxima (a Centauri) has attracted the astrono- 
mers’ interest by being the second nearest star alter the sun. 
The distanee, however, is 40,000 billion kilometres, a distance 
to he covered by a 86,000 years’ fight on board a space ship 
travelling 16 kilometres per second. A telegram sent to a friend 
living there will not be reccived until four years and three 
months later, and you have to wail at lewst another 414 years 
before you can get his answer. 

The second factor is the slowness of the changes. Wish 
s0 brief a life span. man can never notice a change that tab os 
millions, hundreds of millions or even billions of years to be 


felt. 


5. The Silvery “Celestial River” 


In a clear moonless summer night, you will sec a white 
belt made up of shining stars stretching across the sky, like a 
long river flowing from one end of the firmament to the other. 
In traditional Chinese folklore it is called the Celestial River 
or Silvery River, while the Western cultures refer to it as the 
Milky Way. Through telescope you can see that it is an im- 
mense colony of stars. Usually known in astronomy as the Gal- 
axy, it embraces as its members more than 200 billion stars, 
including our sun and her planetary sysiem. 

The overwhelming majerity of the galactic stars crowd 
into a space resembling a discus which is thicker in the centre 
and thinner along the rim, and galactic disc is the astronomical 
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ierm for this part. The central region is called galactic nucleus. 
The disc’s diameter extends to 100,000 light years while its 
thickness varies between 7,000 and 20,000 light years. About 
33,000 light years away from its centre travels our sun, carry- 
ing along all the members of her own planetary system (Fig. 6). 

The Galaxy is now 10 billion years old and it has been 
rotating ever since its formation. Every member of it revolves 
at varying speeds round its centre. Travelling 250 kilometres 


33,000 light years 
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Fig. 6 The Galaxy (sketch) 
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a second, the sun makes a circle in about 250 million years. 
In the galactic community there are, besides individual stars 
and star clustcrs, nebulae which are hazy-looking bodies com- 
posed of great mass of gases and dusts. As observed they vary 
in shape and size. Those which shine are known as bright 
nebulae, while the others dark nebulac. An nebula is much more 
capacious than a star (Fig. 7). 


Fig. 7) The Horsehead. a dark nebula in Orion 


All the galaxies outside our own Galaxy share the common 
name extragalactic galaxies. More than a billion such immense 
stellar communities have by now been identified, the best 
known of which is the Great Galaxy in Andromeda (M 31, Fig. 
8). 

It is visible to the naked eye, thanks to the high density 
of stars at its nucleus and its relatively short distance from us. 

. The nearest extragalactic galaxies arc, however, the Large Me- 
gelianic Cloud and the Small Megellanic Cloud. They are even 
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The Great Galaxy in’ Andromeda 


Fig. 9 The Megellanic 
Clouds 


Left: Large Megellanic 
Cloud (160,000 light years 
away from us); Right: Small 
Megellanic Cloud 
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brighter than their counterpart in Andromeda so that they are 
easily seen by the inhabitants of the Chinese Nansha Islands 
(Fig. 9). 


16 


CHAPTER II 
THE SUN'S FAMILY 


The solar system is a big family, with the sun as its head 
controlling a considerable number of celestial bodies, including 
nine major plancts, 44 natural satellites plus a significant 
swarm of asteroids, comcls and meteors. Hlow does the sun 
get power over such a big group? Her power lies in her over- 
whelming portion (99,86 percent) in the total mass of the sys- 
tem while all the other members share the remainder of only 
0.005 percent. As gravitation increases in proportion with 
mass, the sun, with its drawing might, keeps all the much 
smaller bodies circling round it, following their respective or- 
bits; thus it acts as the supreme commander in the whole 
system. 

The solar system covers a very wide space. Taking the 
orbit of the remotest major planet Pluto as the border of it, we 
can set the length of the system's diameter at approximately 12 
billion kilometres. The comets travel along orbits varying 
notably in range. If we include the space within the reach of 
the biggest of such orbits in the solar system, the diameter will 
be as long as 9,000 — 12,000 billion kilometres, though this 
space is no more than a negligible part of the known universe, 
like a grain of sand in a desert. 

Now let us know the solar system’s major members. 
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1. The Major Planets 


The major planets are, following the sequence determined 
by their respective nearness to the sun, Mercury, Venus, the 
Earth, Mars, Jupiter, Saturn, Uranus, Neptune and Pluto (Fig. 
10). Mercury, the closest follower of the sun, kceps an average 
distance of roughly 57.9 million kilometres, while the corre- 
sponding figure relating to Pluto is 5.9 billion. 


Yip, 


jc su 
‘2 


Fig. 10 A comparison of the major planets in size 


Left to right: Mercury, Venus, the Earth, Mars, Jupiter, 
Saturn, Uranus, Neptune, Pluto 


“Inferior planet” is a term applied to either Mercury or 
Venus which remains closer to the sun than the carth and whose 
orbit lies within the latter’s (Fig. 11). The other six, more aloof 
from the sun and follow bigger orbits, are referred to as su- 
perior planets. The orbits are all almost regularly circular. If 
we take the planet’s respective properties into account, we 

. Shall see-that Mercury, Venus, the carth, Mars and Pluto are 
characterized by their moderate size, smaller mass, high density, 
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Fig. 11 Planetary orbits 


low rotational speed and insignificant oblateness. They are 
thus classified as terrestrial planets. The rest are called Jovian 
planets in that they outstrip the former group in size, mass and 
oblateness but are outshone by them in density and rotational 
velocity. . 

Because of their proximity to both the sun and the earth, 
five planets, i.e. Mercury, Venus, Mars, Jupiter and Saturn re- 
ccive powerful sunlight and throw back large portions of it, so 
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they are visible to the naked cyc and have long since been [amil- 
iar to us. Uranus, Neptune and Pluto had, however, remained 
unknown to mankind until two centuries ago. 

(1) Mercury, the Sun’s Closest Atiendant Called Chen 
in ancient Chinese astronomy, Mercury travels so close to the 
sun that immense amount of solar light and heat is poured onto 
her, raising the surface temperature on the side facing the sun 
to 400 degrees centigrade at the equator. On the other side, 
however, the temperature falls to subzero 100 degrees centi- 
grade. The heat renders the existence of any water on the sur- 
face of her impossible, leaving a very thin atmosphere consisting 
of hydrogen and some other clements. 

Like the moon, Mercury has a surface marked with ring- 
shaped mountain ranges embracing wide basins and cut by 
cliffs as high as over 3,000 metres (Fig. 12). A globe of high 
density, she may have a big iron kernel and wear a shell of 


silicates. 
Mercury is visible only at the horizon just before sunrise 


Fig. 12 Mercury 


or soon after sunset, on other occasions she is obscured by the 
blinding light of the sun so nearby. 

(2) Venus, the Brightest Planet Among the heavenly 
bodies visible to the naked eye, Venus is the third brightest, 
outshone only by the sun and the moon and is sometimes seen 
during daytime. That was why a series of beautiful names were 
given to her since ancient times by the Chinese. When she is 
the Morning Star, she is mentioned as Qiming, a name corre- 
sponding to the Western Lucifer. And the name Vesper referring 
to the same planet appearing in the evening has its Chinese 
equivalent Chang’geng. In her conspicuousness originates the 
name Mingxing (Bright Star), while the tittle Taibai (Extreme 
Whitencss) has its root in her silvery rays (Fig. 13). 


Fig. 13 Venus 


ai 


Sometimes at a distance of only 41 million kilornctres, 
Venus is the earth’s close neighbour similar to her in mass and 
size. Unlike all the other planets, she rotates from east to west; 
in other words, she seems to be rolling backwards as she travels 
along her orbit, but the rotational velocity is lower than that 
of her revolution. No other planet rotates so slow as she does. 

Latest data collected by American and Soviet spacecraft 
lead to the conclusion that Venus has a thick atmosphere com- 
posed mainly of carbon dioxide with inconsiderable amount of 
steam and carbon monoxide. The lowest layer is formed by 
yellow clouds of sulphuric acid dusts. Wrapped up in such 
an atmosphere of high density, ‘“:nus retains all the heat she 
gets from the sun, so that the < aspheric temperature remains 
above 480 degrees centigrade, with little fluctuations between 
day and night. 

The surface of Venus, where lofty mountains, deep val- 
leys, craters and tablelands have been identified, is smcother 
than that of the moon, Mercury or Mars, with 60 percent of 
the total area covered by plains spread with dust. 

(3) Mars, A Planet Bearing the Closest Resemblance to 
Our Earth Mars is the first planct visited by a spacccraft. We 
now know she is enveloped in an atmosphere of low density, 
which gives her the appearance of a red fiery globe (Fig. 14). 
The easily noticeable changes in her position in the sky won 
her the ancient Chinese name Ying/tuo (Deceiver). 

Smaller than the earth, Mars also has the seasons of the 
year. She wears white caps of icc on her poles. The cap is 
bigger in winter and shrinks in summer. The composition of 
Marcian atmosphere is chiefly carbon dioxide, supplemented by 
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Fig. 14 Murs 


anal portions of nitropen, argon and other gaseous elements 
and a negligible amount of vapour. A less favoured benefactor 
of solar radiatton, Mars has lower atmospherical temperature 
than what the carth enjoys. This and low atmospheric density 
are responsible for the striking variation of temperature between 
daytime and night. The equatorial temperature, which rises to 
maximum of 20 degrees centigrade in the noon, drops down 
to 80 degrees below zero at night and a wintry night at the 
south Pole may register a minimum subzero temperature of 159 
degrees centigrade. Dust storms are frequently stirred up by 
winds at the speed of 8 metres a second, equivalent to that of 
fresh gale on the earth. 

The bright regions on the surface of Mars, amounting to 
75 percent of the total area, are called ‘‘continents” or ‘‘des- 
certs”, while “maria” or “lacus” refer to the dark parts. Ring 
structures, including one with a diameter of 1,600 kilometres, 
have been found. 


Sharing many common properties with the earth, Mars 
draws scientists’ interest by the possible existence there of 
human beings or other living creatures. No trace of life, how- 
ever, has been detected by the experiments and tests made by 
space laboratories that operated there. 

(4) Jupiter, Giant Among the Planets Four features of 
Jupiter (Fig. 15) distinguish her from ‘er partners: First, she is 
endowed with the biggest size and mass, equalling to 1,300 and 
317.83 times those of the carth respectively, with an equatorial 
radius 11.18 times that of our planct’s. Second, she has the 
highest rotating velocity which gives rise to powerful centrifu- 
gal force that makes her an apparently oblatc globe. Third, she 
is a body of fluids, without a solid shell like the earth’s. The 
chief components of her atmosphere are hydrogen and helium, 
and there are also small portions of methane, ammonia and 
other elements. Finally, she has a large colony of satellites, 16 
of which have by now been discovered. 


Fig. 15 Jupiter 


Jupiter’s telescopic image shows cloudy stripes running 
alongside of the equator, resembling the fibres in wood. Most 
remarkable of all is a big opal red spot to the south of her 
cquator. Spaceship findings identifies it as a violently whirling 
mass of gases. 

Temperature on Jupiter’s surface remains low whether 
i daytime or at night (—150°C). She has, however, been found 
i be a heat-generating planet. 

(5) Saturn, the Most Beautiful Planet Saturn shares 
some common features with Jupiter. Second only to the latter 
in size, she is 760 times as big as the earth. She rotates quickly 
and generates heat, muintaining a low temperature (—170°C) 
over the puclied, A mass of hydrogen and helium and other 
Roacoun inatter, she ix the only planet whose average density 
Is lower than that of water (Fig. 16). 


Fig. 16 Saturn 


Light rings have been discovered around three planets, i.e. 
Saturn, Jupiter and Uranus, but Saturn had until recently been 
reputed as the only bearer of such a ring. First observed in the 
17th century, it is formed by solid particles flying round the 
planet, reflecting the sun’s rays which give it a particular splen- 
dour. Jupiter’s ring is composed of black stones, so dark as 
to be hardly visible: Uranus’ wreath could hardly be caught 
by a telescope, not to say the naked cye, because of its sparsity 
and dimness. Thus Saturn’s ring remains symbolic of her. 

(6) Uranus, the Planet that “lies” on Her Orbital Plane 
Uranus was discovered in March 13, 1781 by German astrono- 
mer Frederick William Herschel when he was looking at the 
constellation Gemini with the telescope built by himself. 

Nineteen times as far off from the sun as the earth, Uranus 
gets the star’s light and heat amounting to only 0.3 percent 
of what our own planet receives and that is why she has a 
surface temperature of 210 degrees below zero centigrade. Né 
reliable information about Uranus’ composition is yet available, 
but one hypothesis has it that she has a solid kernel and a 
glacial mantle wrapped up in a thick atmosphere with hydrogen 
and helium as its chief components. 

The planet's axis of rotation lies almost on the same plane 
with her orbit and for this reason she is travelling in a highly 
inclined posture. Rotating at considerable velocity, Uranus 
turns reversely from east to west, the same way as does Venus. 

(7) Neptune, Planet Discovered by Computation Four 
years before Neptune's actual discovery, John Couch Adams, 
a young Englishman studying at Cambridge, trying to find the 
right answer to the question concerning Uranus’ orbit, which 
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was found to be in disagreement with theoretical predictions, 
nude cluborate calculations which led him to the belief of the 
existence of an unknown planet. In 1845 he located her orbit 
by calculation. His work failed, however, to draw adequate 
respect. On September 23, 1846, Johann Gottfried Galle, direc- 
tor of Berlin Observatory, using his telescope and basing on 
the calculations by a young French named Urbain Le Verrier, 
found this celestial body bearing greenish colour. Galle named 
her Neptune and she was considered the last of the planets 
totalling eight. t 

Far off from us, Neptune is invisible to the unaided eye, 
though she is 57 times as big as the earth in mass. A very low 
temperature (—230°C) over her results from the small amount 
of solar heat it absorbs, just 0.1 percent as much as what we 
pet. Latest researches have confirmed that that remote com- 
panion of the sun consists of a kernel about the size of the 
carth and an ice shell as thick as 8,000 kilometres. The at- 
mosphere, of high density, is composed mainly of hydrogen. 

(8) Pluto, Winner of Many Championships A_ long 
research project carried out by Clyde William Tombaugh, young 
American astronomer, led to his discovery on January 21, 1930 
of the 9th planet. Her remoteness from the sun is responsible 
for the scarcity of light and heat reaching her (1/1500 of what 
is poured onto the earth), and the effect is coldness (—240°C), 
darkness and sepulchral silence suggestive of the palace of 
Pluto, the Hellenic diety of the underworld. Thus she was 
named. 

A planet unique in different respects, Pluto emerges as the 
winner of a whole series of championships over all her partners. 
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She is the smallest in size and mass. She has the shortest equa- 
torial radius, The least favoured recipient of solar light and 
heat, she boasts the lowest surface temperature. Travelling along 
the longest orbit with the highest ellipticity, she rightfully claims 
the longest year. Among other records she retains are the longest 
distance from the sun and the latest date of discovery. 

We know very little about cither Pluto’s surface or her 
inner structure, just because she is too remote and dim to be 
easily observed. 

’ (9) The Earth Also a member of the planetary club, 
the earth will be dealt with in a separate chapter. 

Will there be discovered a 10th planet? This is a question 
to be answered by the astronomers. 

The following table gives the general information about 
the planets: 


2. Satellite, Escort of Planet 


A heavenly body that, being relatively small in mass, travels 
round a planct under the latter’s gravitation along an orbit in 
a way similar to the latter’s revolution circling the sun is a 
satellite. It is so called because it follows the planet closely, 
like an attentive servant escorting his master. Like the planet, 
a satellite docs not shine, depending on a star for the supply 
of light and heat. 

A total of 44 natural satellites have been discovered, of 
which 17 belong to Saturn but none are controlled by either 
Mercury or Venus. Moreover, two asteroids have recently been 
found to be possible owners of satellites. 
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With the moon excluded, the carlicst discovered satellites 
are the four attached to Jupiter, which came into the world- 
famous astronomer and physicist Galilco’s sight through his 
small telescope. Thus lo, Eropa, Ganymede and Callisto are 
jointly referred to as Galilean satellites. 

Ganymede, the third satellite of Jupiter, leads all the other 
heavenly bodics of its like in size, with a diametre of 5,150 
kilometres (Fig. 17). 

Titan of Saturn and then Callisto of Jupiter come next 
‘and each of the three outstrips Mercury in size. Tiny Ieda, the 
13th satellite of Jupiter, stands at the end of the list, with a 
diameter of only 8 kilometres. 


Fig. 17) Gaiyimede 


Pioneer 10 sent back this photograph of Ganymede in December 1973 
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Master of only one natural satellite the moon, the Earth 
boasts a great colony of man-made ones. More than 2350 arti- 
ficial satellites have been sent into their orbits by the Soviet 
Union, the United States, France, Japan, China, Britain and 
other countries. On October 4, 1957 the USSR led the world 
in this field by successfully launching its Sputnik, a device 
weighing 83.60 kilograms which operates for no more than 
three months. America’s 8.22 kilogram man-made moon 
began circling round the earth on August 1, 1958 and had a 
life-span of 12 years and two months. Up to now China has 
a total of 9 artificial satellites in the space, the first of which, 
launched on April 24, 1970, has a weight of 173 kilograms and 
is expected to survive for a century (Fig. 18). 


3. Numerous Asteroids 


Like their “Big Brothers” the nine major plancts, the as- 
tcroids or minor planets live in the community of heavenly 
bodies led by the sun, travel round that giant leadcr and give 
no light. They are chiefly characterized by their small size, 
most of whom are only a few kilometres in breadth, their dia- 
meters varying from 1 kilometre to 1,000 kilometres. The over- 
whelming majority revolve between the orbits of Mars and 
Jupiter, make a trip round the sun in 3.5 — 6 years. The first 
minor planet Ceres was discovered on the night of January 
1, 1801 by Italian astronomer Ginseppe Piazzi. Later discoveries 
by other observers were made in 1802, 1804 and 1807, in- 
\roducing the asteroids Pallas, Juno and Vesta to mankind (Fig. 
19). More than 2,000 have been numbered, whose orbits have 
been precisely located. Of the total no more than 112 are over 
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Fig. 18 China’s first artificial earth satellite 


the moon 


Se 


de, 4 io . 
Ceres Pallas Vesta 


Fig. 19 Four biggest minor planets as compared 
with the moon in size 


100 kilometres in diametre. It is estimated that the colony of 
minor planets has a population of at least 500,000. 

Ceres leads the legion in volume, followed by Pallas. Vesta 
outshines all the others in brightness, being the only one visible 
to the naked eye. The asteroid keeping the shortest distance 
from the sun is Icarus. Minor planets vary greatly in shape. 
[xcept the two biggest ones which are global, they assume ir- 
regular forms, some resemble bars, others suggest dumb bells. 

Purple Mountain Observatory near Nanjing, China has, 
since 1964, discovered nearly 100 minor planets, of which 13 
have been numbered and named. 


Ny. (internatlonal system) Proper name 
1802 ’ Zhang Heng 
1888 Zu Chongzhi 
1972 Yixing 
2012 Guo Shoujing 
2027 Shen Kuo 
2045 Beijing 
2077 Jiangsu 
2078 Nanjing 
2080 Henan 
2162 Anhui 
2169 Taiwan 
2184 Fujian 


2185 Guangdong 


The five at the head of the list are named after prominent 
astronomers in ancient China. 
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The research on minor planets is of high significance 
for the measurement of the distance between the sun and the 
earth, for the exploration on the solar system’s origin and evolu- 
tion and for further studies of the major planets. 


4, Mysterious-looking Comets 


Strange heavenly bodies sometimes appear with long tails. 
They are comets, which also orbit round the sun, following 
peculiar paths and changing their shapes on the way. 

A comet consists of a nucleus, coma and tail (Fig. 20), but 
these parts do not always co-exist. Their existence depends on 
the comet’s distance from the sun. Appearing as a hazy spot 
when it is far away from the central body of our planetary sys- 
tem, a comet begins to shine when it is within 300 million kilo- 
metres to the sun, causing the dust and gases to vaporize and 
form a misty veil called coma for its resemblance to human 
hair. With coma, the nucleus constitutes a part usually referred 
to as head, which is sometimes wrapped up in a hydrogen cloud. 
As the comet approaches the sun, solar radiation pressure and 


coma 


: hydrogen cloud .” 


Fig. 20 Structure of comet 


solar wind become so strong that they threw all the gases and 
particles attached to the comet’s head backwards to form one 
or more trains of light generally known as its tail. The nearer 
a comet is to the sun, the more powerful the radiation pressure 
and solar wind are, and the longer the tail. During this time the 
comet looks like a bloom. 

Measured along with its tail, a comet is very big, though its 
nucleus usually has a diameter between a few hundred metres 
and a few dozen kilometres. Controlling the bulk of a comet's 
mass, the nucleus is composed of rocks, dust, ice and frozen 
gases. The coma changes, however, in size, with an average 
diameter of tens of thousands of kilometres. The biggest coma 
observed so far dwarfs the sun, covering a space as broad as 
1.8 million kilometres. 

Of the total of over 1,500 comets identified by the world’s 
scientists, Halley’s comet is the best known (Fig. 21). Edmond 


Fig. 21 Halley’s comet 


Chinese astronomers at Purple Mountain have 
discovered three new comets. The first two, iden- 
tified successively in January 1965, were named Zi- 
jinshan I and Zijinshan Jf. And Comet Zijinshan is 
the proper name given to the third one, first ob- 
served on November 3, 1977. 
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Halley, British astronomer, affirmed by calculations that the 
comets observed'in 1682, 1607 and 1531 were in fact the same 
one reappearing. Named after its discoverer, the comet can be 
seen every 76 years. When last time it returned past the earth 
on May 18, 1910, it gave a wonderful spectacle by sweeping 
over the nightly sky with a head of 570 thousand kilometres in 
length and a tail as long as 30,000 kilometres. Its next reap- 
pearance is cxpected to take place in February 1986. 


5. Meteors Appearing and Disappearing 
in a Moment 


' A trail of light is sometimes seen rending the calm firma- 
ment in a clear night and disappears in a few seconds. This is 
a meteor, or shooting star. In China it is popularly known as 
a “thievish star” (Fig. 22). 

How do meteors come to be seen? In the spaces separating 

the planets travel the metcoroids, which are non-luminant scraps 
and solid particles revolving round the sun. When one of these 
is caught by the Earth’s gravitation, il bumps into her atmos- 
‘phere at a speed of between 10 and 70 kilometres per second. 
Friction with the air gives rise to burning and shining. As most 
of the metcoroids arc small, weighing no more than a few 
hundred or even a few milligrams, they burn themselves out in 
a moment. In case the meteoroid has 2 big mass, thunderous 
sound will accompany the flash when it burns. 

When a meteoroid is too big to be burned out during its 
brief journey through the atmosphere, the remnant crashlands 
and becomes a metcorite, which may be an iron meteorite, a 
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Fig. 22. Meteor 


stony meteorite, or a stony-iron one, depending on the chemical 
structure of its mass. 

Meteorites fall suddenly, we cannot forecast when and 
where such an event will take place. Most of those intruders 
drop in unpopulated places, though their crashlandings happen 
in great numbers every year. This fact answers the question 
why the sight of the fall of a meteorite and the discoveries of 
its scraps are rare occurrences. The world’s biggest iron 
metcorite was discovered in 1920 in West Hoba in the southern 
part of the African state of Namibia. It is 2.75 X 2.43 metres 
in volume and weighs 59,000 kilograms. 
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Chinese data record a total of 52 meteorite landings in 
China, of these 22 produced stony meteorites, 23 iron meteoritcs 
and one a single stony-iron meteorite. In 6 cases meteorite 
showers occurred. The 30-ton iron meteorite, the third biggest 
in the world, was discovered in 1898 in the Zhungeer Basin in 
China’s Xinjiang Region. An extraordinary meteorite shower 
took place at about three in the afternoon of March 8, 1976 
in the Chinese northeastern province of Jilin, affecting an area 
of 500 square kilometres. More than a hundred scraps have 
been recovercd, the biggest one, weighing 1,770 kilograms, is 

"the world’s record holder (Fig. 23). 

Meteorites, as valuable cclestial samples which help to 
reveal the mysteries of the universe, should be extensively col- 
lected and safety preserved. 


Fig. 23 Meteorite of Jilin 
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CHAPTER III 
THE SUN, MOTHER OF THE EARTH 


Rising in the east every morning in splendour, the sun 
brings light and heat to mankind and all the living creatures so 
that they can survive and grow. The absence of the sun would 
mean darkness, coldness, death and sterility on the earth. 

About 5 billion years old, the star on whom we depend for 
life is in her middle age, being a junior figure among millions 
upon millions of the heavenly bodies of her kind. She will re- 
main resourceful until 5 — 10 billion years later. The biggest 
member of the solar system, she has a diameter 109 times as 
long as that of the carth and equals to 1.3 million earths in 
volume and 330,000 in mass. 


1. Structure of the Sun 


Like other stars, the sun is a gaseous globe. There is a 
nucleus hidden in layers of matter, the composition of which 
follows a manner different from what has been observed in the 
planets, satellites or comets (Fig. 24). 

In structure the sun may first be roughly divided into two 
parts: the interior and the atmosphere. High temperature and 
high pressure are characteristic of the interior, and the tem- 
perature rises with the closeness to the centre. The heat at the 
centre is estimated at 15 million degrees centigrade and the pres- 


corona 


prominences 


Fig. 24 The sun’s structure 


sure there 300 billion times higher than the atmospheric pressure 
on the carth’s surface. 

The photosphere, visible to the naked eye, is the lowest 
of the three layers of the atmosphere. Being between 400 and: 
500 kilometres in thickness and having an average temperature 
of 6,000 degrees centigrade, it is where light and heat emanate. 
Telescopic observation will discover black spots called sun- 
‘spots over it (Fig. 25). Convection of the gases gives rise to 
the granulation or grainy structure over the sun’s surface. 

The intermediate layer, the chromosphere, is formed by 
thin gases and appears red. Its depth varics between a few 
thousand to 10 or 20 thousand kilometres and its temperature 
on the top rises to tens of thousands of degrces centigrade. 
Powerful gaseous stream somelimes erupts out of the chromos- 
phere and rises to an altitude from thousands of kilometres to 
more than a million. Such a current in the end flows back to 
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Fig. 25. Photo showing 
the photosphere and sun- 


spots 


the chromosphere or vanishes into the space. It resembles the 
human tongue and sometimes may be compared to a lady’s car- 
rings. Prominence is the astronomical) name for such an 
cruption. 

Silvery gaseous mattcr of very low density forms the up- 
permost layer. It is known as corona because of its iesem- 
blance to a crown worn by the sun, a crown sometimes appears 
round and occasionally becomes flat. The solar corona may ex- 
tend as far as millions of kilometres with a temperature more 
than a million degrees centigrade. The gaseous matter’s high 
temperature is responsible for its constant expansion which 
gives rise to the solar wind which travels at the speed of 450 
kilometres per second when it approaches the earth. 


2. The Source of Solar Light and Heat 


Scientists estimate thc sun’s brightness at 500,000 times 
that of the full moon or cqualling to 50 billion billion billion 
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60-watt light bulbs. The sun is the brightest heavenly body to 
us because it gives so powerful light and it is nearer than any 
other star. 

Immense energy is radiated to every member of the solar 
system from the sun all the time. A glacial “bridge” 3,000 
metres in both breadth and altitude linking the earth to the sun 
will, when all the solar heat is applied to it, melt into water 
within a second and then vapourize in another cight seconds. 
It is impossible for all the energy radiation to be monopolized 
by the Earth, who receives only one 2.2 billionth of the total. 
" And yet a minute’s supply of this portion is equivalent to the 

heat produced by the burning of 500 million tons of coal 
(about 2.5 < 10" calories). Every year the sun is kind enough 
to donate to the Earth enormous amounts of heat equalling 
to 18 billion billion kilowatt-hours, hundreds of thousands 
times the world’s total annual output of electric power. 

What is the source of such inexhaustible supply of heat 
and light? Formerly it was thought to be the combustion of 
matter. This hypothesis has been belied by the fact that, while 
the sun would have burnt herself out within no more than 2,000 

’ years if she is no more than a mass of fuel, she has lived several 
billion years. Researches during the last decade have identified 
the sun as a mixture of over 70 elements, among which hydro- 
gen makes the biggest portion, followed by helium. Their total 
weight amounts to 97 percent of the mass. They are supple- 
mented by oxygen, carbon, nitrogen and other elements. Nuclear 
reaction like that staricd by the explosion of a hydrogen-bomb 
goes on.to send forth unmeasurable amounts of energy which 
then find their way to the surface and are radiated into the 
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space. Basing on the sun’s present output of energy, scientific 
estimates set the remaining part of the sun’s life-expectancy 
at more than several billion years. 


3. The Turbulent Sun 


There is no calmness at the sun. Changes of different de- 
scriptions follow each other to make an endless series including 
sunspots and faculae in the photosphere and the prominences, 
plages and flares in the chromosphere, which are collectively 
referred to as solar activity (Fig. 26). 


prominence 


Pints 
“NSpor, 


Fig. 26 Solar activities 


The intensity of solar activity varies in a cycle of an aver 
age of 11 years, affecting human life and all the other living 
creatures. At its climax it interferes radio communications, 
harasses astronauts and makes itself felt in weather and hydro 
logical and seismological phenomena. 

Two groups of sunspots appeared, one after another, dur 
ing the period between April 3 and 15, 1980. Starting from the 
solar disc’s castcrn limb, they moved westward, passing ache 
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the centre and finally vanished at the western limb. What could 
that mean? The answer lies in the huge gas whirl pools or 
spiral structures in the photosphere. They arise as a result of 
the unbalanced distribution of matter and the sharp contrast 
in temperature between the sun’s surface und its inner part (Fig. 
27). Less hot by 1,500 degrees centigrade than the photosphere 
as a whole, such a vortex is seen as a black spot against its back- 
ground. Whirling within an area a few to one hundred thou- 
sand kilometres broad, the sunspots are, however, ephemeral 


Fig, 27. Spiral structure of the sunspots 
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with an average lifespan of one day, only the extraordinary big 
ones sporadically lives a few months. When there appear many 
sunspots, we know that the sun is intensely active. 

As the most apparent solar activity, sunspots were men- 
tioned in Chinese texts dated more than 2,000 years ago. In 
the special volume dedicated to natural phenomena, the authors 
of Han Shu (History of the Han Dynasty) stated that in the 
third month of the year 28 B.C. “the sun bore a yellowish col- 
our when it rose and a mass of dark gas was observed at its. 
centre’. This report testifics to the fact that the Chinese dis- 
covered and recorded the sunspots as early as the first century 
B.C,, antelpating by more than 1,000 years their Western coun- 
lerparty who had had no historical records of the sunspots until 
the Yh century and who made no researches on them until the 
17th century. 

As another significant solar activity after the sunspots, the 
flares influence the Earth strongly. They are very bright spots 
emerging suddenly, usually near big sunspots or a group of sun- 
spots. As the sunspots increase, the chances of discovering 
flares also increase. Flares are short-lived, persisting no more 
than a few hours or even a few minutes. They are accompanied 
by powerful ultraviolet and X rays and other radiations. The 
impacts of which on the earth's surface are responsible for many 
abnormalities. 


4. Useful Data about the Sun 


Radius 675,997 km 


Volume 141,22 & 1018 sq km 
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Surface area 6087 x 10!0 sq km 


Mass 1.9892 x 1035 gr 


Average density 1.409/em4 


27,398 cm/sec2 


Acceleration of gravity on the 
surface 


Surface temperature about 6,000°C 


about 13-15 million degrees 


Central temperature 


Major chemical components hydrogen & helium (over 


c 


97%), 


oxygen, carbon, nitrogen, neon, 


cilicon and iron 
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CHAPTER IV 
THE EARTH — MAN’S HOME 


Knowledge about the Earth which we inhabit, knowledge 
about her shape and appearance, her behaviour and her special 
features is highly significance in that those factors are closely 
associated with man’s life and his social progress. 


1, The Earth Looks Like a Pear 


Extensive researches have been made in order to under- 
stand the Earth. A hypothesis popular in very ancient China 
had it that the sky hanging over our heads is like a big open 
umbrella while the earth resembles a chessboard. The theory 
of the celestial shelter, as it was usually called, failed to provide 
a satisfactory answer to the question how a dome-like cover 
could ever cover up the earth believed to be square. Conse- 
quently another system was developed, the theory of the spheri- 
cal sky. It affirmed that the earth hung in the centre of the sky, 
the same way as the yolk dwells in an eggshell. 

The fact that an approaching ship shows its masts before 
{he appearance of its hull led some Arabic and European schol- 
ars to assume that the earth’s surface is spherical (Fig. 28). 
Others, basing themselves on the shape of the shadow darkening 
the moon during a lunar eclipse, suspected the earth to be a 
globe. The first man that, by a round-the-world voyage, sup- 
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Fig. 28) The carth’s surface, plane or spherical? 


plied the undeniable proof to the roundness of the Earth was 
Portuguese navigator Ferdinand Magellan (c. 1480 — 1521). In 
1519 he led his fleet, starting from Spain, to cross the Atlantic 
and, rounding the southern tip of South America, into the Pa- 
cific to reach the Philippines where he was killed. His crew, 
‘however, sailed on to return to Spain, capturing the honour 
for the fleet. 

Today seeing the shape of the Earth poses no trouble. Tun- 
ing to a certain frequency channel, you will sec through TV our 
planet’s image transmitted back by the astronauts on board a 
spacecraft (Fig. 29). 

The heavenly body that carries us is, however, not a reg- 
ular globe in the strict sense of the term. Late 17th-century 
English scientist Sir Isaac Newton affirmed that, owing to the 
centrifugal force originating from her rotation, she must be 
broader at the equator and flat at the polar regions (Fig. 30). 
Newton’s conclusion is that, instead of being a regular 
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Fig. 29. The earth's photo, taken on board a spaceship 


North Pole 


South Pole 
Fig. 30 The earth’s shape 
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spheroid, the earth is oblate or elliptic. High-precision surveying 
with the help of sophisticated equipment has fully confirmcd 
Newton’s judgment. The Earth’s diameter at the equator out- 
stretches its counterpart connecting the poles, though the dif- 
ference is no more than 42.8 kilometres. 

Data supplied by the artificial satellites have made it pos- 
sible to produce a more “lifelike” portrait of the Earth. In Fig. 
30 the dotted line stands for the contour of an elliptic spheroid 
while the Earth’s actual shape is shown in the solid line. Here 
we see the Earth is somewhat like a pear, the North Pole cor- 
responds to the part where the stalk stands while the fruit's 
base is at its South Pole. 

This comparison is, however, challenged by more exten- 
sive observations, because, unlike a pear the peel of which is 
characterized by its smoothness, the planet has a rugged sur- 
face marked by mountains, basins and seas and oceans. To be 
exact, it is a peculiar spheroid, a spheroid designated by some 
scientists as geospheroid. Yet, in contrast to the massive 
volume of the Earth, the ruggedness over her surface is ncgligi- 
ble. Thus, as scen on photos transmitted back from the space- 
craft, she remains global. 


2. The Earth’s Rotation Giving Rise to the 
Alternation of Day and Night 


Like all the heavenly bodies, the Earth moves. One of 
her motion, the west-east spin round her own axis, is called 
rotation, the period of which covers 24 hours. That period is 
a day. . 

Why don’t we feel the Earth’s turning? Why do we take 
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the sun, the moon and the stars as moving instead? To find 
ihe answer to these questions you need just have a trainride. 
When the train travels smoothly, you don’t notice your own 
forward motion along with the train, being misled to the illu- 
sion that the houses and fields on both sides of the railway are 
nishiny backward. The same illusion is present with the pas- 
“supers on board our rotating planet which, by her powerful 
yuuvitation, carries along her entire load, including mankind. 
ut how to free ourselves of such illusions and see the real 
fact? 

In 1851, French physicist Jean-Bernard-Leon Foucault made 
u famous experiment at a Paris church, by which he confirmed 
the Earth’s rotation (Fig. 31). He attached an iron ball weigh- 


Fig. 31 Foucault's experiment 
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ing 27.24 kilogrames to a 67-metre-long steel! wire suspended 
from the dome of the church to make a big pendulum. 
A needle pointing down from its seat on the ball draws lines 
on the sand below it. The observer will, by reading the marks 
on the sandy plate, see an interesting phenomenon. Originally 
the pendulum swings in a particular direction, but then the 
direction changes and shifts clockwise. This is the best proof 
that our planet is always spinning, for otherwise the pendu- 
lum’s swing would have followed the same course. 

The Earth's rotation means much to human life. It makes 
the alternation of days and nights. Moving from west to cast 
with the earth, we see the sun rises in the morning to break a 
new day, moves westward across the sky and sets in the eve- 
ning. Such cycles, keeping the atmospheric temperature moder- 
ate, render it possible for living things to live and grow. And 
it is on such periodic changes that man arranges his productive 
labour and other activities. 7 


3. The Earth’s Revolution that Makes the Seasons 


A heavenly body’s revolution is ils motion round another 
one bigger than il under the latter’s gravitational control. The 
path it follows in its revolution has its astronomical term — 
the orbit. It takes 365 days 6 hours 9 minutes end 10 seconds 
for the earth to make a trip along an orbit totaling 940 million 
kilometres in length. That means our planet travels on her 
orbit at a speed of 29.79 kilometres per second. Since the 
earth’s orbit is elliptic, the distance between her and the sun 
varies as she travels (Fig. 52). January is the time when she 
comes into the nearest point to the sun (147.1 million kilome 
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Fig. 32. Changes in the distance between the earth and the sun 
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tres off), while the maximum distance of 152.1 million kilo- 
inetres occurs in July. Changes in distance constitutcs, however, 
no major factor affecting whether, as they play no decisive role 
in the distribution of solar light and heat reaching the carth. The 
Earth’s annual revolution and her rotational axis’s inclination 
against her orbital plane are responsible for the changes in 
weather and the succession of seasons. 

The Earth is a globe, so there are only limited areas on her 
that could enjoy the sun’s rays coming down right from over- 
head, while most regions get sideways radiations varying in 
tilt. Such special features result in the discrimination in the 
distribution of solar heat; some parts under direct sunshine 
receives more, while other places have to be contented with 
the less amount. The globularity of the carth should be con- 
sidered one of the leading factors in the variety of climates 
(Fig. 33). 
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North Pole 


oblique projection 


Fig. 33. Vertical and oblique projection of solar rays 


The Earth's revolution affects weather appreciably. If the 
Earth does not revolve, leaving one side of her always exposed 
to the sun while the other remains deprived of sunshine, then 
everlasting daylight on one side would bring scorching heat 
while there would be eternal darkness and cold on the other. 
Days and nights succeeding each other make the diurnal tem- 
perature changes of the atmosphere (Fig. 34). 


the Arctic Carde 
cB of Cancer 
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tropic of Capricorn 
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the Antarctic Circle 


Fig. 34 Day on one hemisphere and night on the other 


Instead of standing upright, the axis round which the Earth 
rotates maintains a constant tilt as viewed in its relation with 


\ 
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her orbital plane, causing the shifting of the sunlight’s focus 
on the earth. While the northern hemisphere is directly ex- 
posed to the sun, the other half of the globe gets less sunshine, 
und sometimes neither side is under vertical projection of the 
sun’s rays. Thus the amount of solar light and heat in a spe- 
cific place varies from time to time. This is why we have 
spring, summer, autumn and winter (Fig. 35). 

In its orbital movement the Earth comes to the point called 
summer solstice around June 22, where the northern hemi- 
sphere directly faces the sun and the focal point of sunshine 
Calle on the tropic of Cancer (23°27 north latitude) (see note). 
‘Vhin In the tline when people in the northern hemisphere enjoy 
Jong days and short nights and the highest amount of solar light 
and heat, while regions in the Arctic Circle (66°33’ north lati- 
tude) remains in daylight round the clock, and the time is just 
what we in the northern hemisphere call summer. Meanwhile, 
the other half of the world is in radically different condition 
characterized by short days and long nights and constant ab- 
sence of the sun in regions within the Antarctic Circle (66°33’ 
south latitude). The Earth travels on, and around September 
23 the focus of solar radiation moves southward to the equator. 
At this point, called the autumnal equinox, neither hemisphere 
receives direct sunshine, both sides are granted the same amount 
of light and heat, enjoy moderate temperature and share equal- 
ly long night and day. Inhabitants in the northern hemisphere 
are in autumn, while their southern counterparts greet new 
signs of life typical of the first season of the year. 

Long days, high amount of solar light and heat and per- 
pelual days within the Antarctic Circle are the features charac- 
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teristic of the season when the Earth is not far off from the 
winter solstice about Dec. 22, a time when the sun projects her 
rays directly on the tropic of Capricorn. This is the southern 
hemisphere’s summer but winter for the northern half of our 
planet. The last sector of the Earth’s orbital motion ends at a 
point called the spring equinox where the sun again casts her 
light on to the equator, giving days and nights of equal length 
to both hemispheres. Then the regions north of the equator come 
into the season of blooming vernal flowers at the expense of 
their counterparts in the south, where chilling winds sweep the 
withered leaves. 

Having crossed the equatorial zone, the solar radiation fo- 
‘cus again moves towards the tropic of Cancer, starting another 
annual cycle of scasonal changes (Fig. 36). 

Labouring people in China, since ancicnt times, divide 
the year not only into four scasons but also 24 > shorter 
periods called solar terms closely related to the annual cycle 
of agricultural activities. Covering about half a month, cach of 
these terms indicates the earth’s position on her orbit and the 
corresponding phenological changes. Below is a list of these 
terms, 

Note: 

The focus of sunlight shifts betwecn 23°27’ north latitude 
and the same degrees south latitude. At the summer solstice that 
point reaches its northernmost limit and begins returning south- 
ward, this limit is referred to as the tropic of Cancer, as there 
the sun is in the zodiac sign of Cancer. On the other hand, the 
tropic of Capricorn is the southernmost limit, so called because 
the sun is, in astronomical terms, in the sign of Capricorn. 
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Fig. 36 Variation of the lengths of daytime and night 
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4. How to Locate a Specific Place on the Earth 


The surface of the Earth is marked by mountains, rivers, 
lakes, islands and other topographical features and is divided 
into a total of more than 200 countries and regions, each of 
which in turn consists of citics, towns and villages. How to 
locate all these places? In order to answer the question let us 
first study the meridians and the parallels. 

The earth rotates around an imaginative axis. A relatively 
Static point at either end of this axis is the North Pole or the 
South Pole. Many planes could be made passing through the 
poles and the Earth’s centre. The intersection of these planes 
with the spherical surface of the globe produces circles, which 
are called meridians. They are also referred to as south-north 
lines because each of them runs through the poles. 


North Pole 


80° 1007120140] 160° 


South Pole 


Fig. 37 The meridians 


But from where do we start counting the meridians? An 
international agreement set the meridian across the location of 
the Greenwich Observatory in London as the prime meridian 
or zero meridian. Of the other meridians, those lie east to the 
prime meridian are designated as east (E) meridians &nd their 
counterparts are mentioned as west (W) meridians. The angle 
between any of the meridians and the prime meridian, as ex- 
pressed in degrees, is the longitude of it. 


North Pole 


Fig. 38 The longitude of a given point P 


The imaginative planes perpendicular to the Earth’s axis 
meet with the spherical surface of the Earth to produce cir- 
cumferences, which, lying parallel to cach other, are named 
parallels. 

What is the starting point from where we could number 
the parallels? The equator, or the circumference obtained by 
intersecting the plane passing through the terrestrial centre and 
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equator 


West 


Fig. 39 The parallels 


lying perpendicular to the axis, is recognized as the zero parallel. 
North and south parallels on each side, O—90°, cover the range 
between the equator and either of the poles. The angle between 
the plumb line of a point on a parallel (the line connecting 
that point to the earth’s centre) and the equatorial plane is the 
latitude of the parallel referred to. 


North Pole 


equator 


Fig. 40 The latitude of point A 


For precision, a longitudinal or latitudinal degree is further 
divided into minutes and seconds and decimals of a second. 

With the help of the longitudes and the latitudes we can 
locate any point on the surface of the Earth. A meridian and 
a parallel intersect each other at the point. The longitude and 
the latitude representing these lines respectively define the 
point’s geographical coordinates, indicating the precise location 
of it. Thus, Beijing controls the intersect of 39°57’ north latitude 
and 116°19’ east longitude. The city’s geographical coordinate 
or her location is thus expressed as 39°57’N, 116°19’E, while 
those of the other urban centres Jinan and Shanghai are respec- 
tively 36°42’°N, 117°00’E and 31°12’N, 121°26°E. 
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Fig. 41. Sketch map showing the location of Beijing 


Location of Important Chinese Cities 


City north latitude east longitude 
Beijing 39°57’ 116°19’ 
Shanghai 31°12’ 121°26’ 
Tianjin 39°08’ 117°10° 
Shijiazhuang 38°02’ 114°30° 
Taiyuan 37°517 112°34’ 
Hohhot 40°49° 111°41° 
Shenyang 41°46’ 123°26’ 
Changchun 43°53’ 125°10° 
Harbin 45°45" 126°38’ 
Jinan 36°42’ 117°00° 
Nanjing 32°04’ 118°47° 
Hefei 31°53’ 117°18’ 
Hangzhou 30°15” 120°10° 
Nanchang 28°40’ 115°55’ 
Fuzhou 26°05’ 119°18" 
Taibei 25°02’ 121°31" 
Zhengzhou 34°43" 113°39° 
Wuhan 30°38’ 114°17° 
Changsha 28°11 113°00° 
Guangzhou 23°00’ 113°13” 
Nanning 22°48" 108°18° 
Xi’an 34°15" 108°55° 
Yinchuan 38°25" 106° 16" 
Lanzhou 36°01’ 103°47’ 
Xi’ning 36°35’ 101°45’ 
Urumqi 43°47" "87°37" 
Chengdu 30°40’ 104°04’ 
Guiyang 26°34’ 106°42° 
Kunming 25°02’ 102°43” 


Lhasa , 29°43° 91°08" 


Such a system, besides helping us to locate the places on 
a map, is useful for the preparation of maps showing the loca- 
tion of places and their respective distances from each other. 

China, including her land mass, islands and territorial 
waters, lies north of the equator and east of the prime meridian, 
so any place Chinese is located by a figure in north latitude 
and east longitude. 

The squares in fine lines marked with such figures, which 
you see on a map, are just the visual expression of the longi- 
tudes and latitudes. 


5. How to Determine and Measure Time 


Time means very much to everyone. Without time-keep- 
ing devices, without a unified standard for timing, man will 
find himself in a chaos in which traffic ‘accidents and other 
disasters will happen with an unimaginable frequency. And 
agricultural and industrial production could not be well 
arranged and military orders would never be effectively carried 
out unless there is a unified clock. 

Both the determination of time and the compilation of 
. calendar are based on the motion of the Earth, including her 
axial rotation and orbital revolution. 

The Earth’s rotational cycle is used as the basic standard 
in measuring time, that is to say, the time spent by her to make 
a cycle of day and night is, taken as the basic unit in timing, 
a day. This period, from one midnight to the other, is divided 
into 24 equal portions or hours. An hour is further cut into 60 
minutes each of which in turn consists of 60 seconds. 

The knowledge of the lengths of the periods of time alone 
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fails in determining time, and it should be supplemented by the 
information on the order of those periods. In a popular system. 
suiting daily life, the time from midnight or zero hour to the 
noon or 12 o'clock is considered as forenoon, and the follow- 
ing period, from the noon taken as zero hour to midnight or 12 
o'clock, is called the afternoon. Two successive 12-hour periods 
make a whole day. The conventional international system, 
however, measures time on the basis of 24 hours a day, starting 
from one midnight to the succeeding midnight. 

Owing to the earth’s rotation, some places in the world see 
the sun earlier than their counterparts. Thus there is time dif- 
ference. When the inhabitants of Beijing see the sun shining 
from due south, they say it is noon. But the same time is referred 
to by the dwellers of Islamabad, capital of Pakistan, as 9 o’clock 
in the morning. That is because Beijing is situated to the east 
of Islamabad and, as the earth rotates, gets sunlight earlier than 
her Pakistani counterpart and has an earlier noon. It is known 
that the time difference corresponding to one degree longitude 
is 4 minutes. The longitudinal distance between the two capital 
cities is measured as 45°, giving rise to a time difference of 3 
hours. Time as determined thus by the position of the sun as 
observed locally is called local time. 

Expanding economical and cultural exchanges brought 
about a new state of affairs in which the use of local time gave 
rise to inconvenience and sometimes confusion. For this reason 
an international conference held in 1884 produced a standard 
international time-zoning system (Fig. 42). Basing itself on the 
given time difference of an hour for every 15 degrees longitude, 
the conference divided the world into 24 time zones. Using 
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the prime meridian as the datum, it named the zone covering 
the area between 7°30’E and 7°30’W along that meridian as 
the zero-hour zone. And, to either side of this zone, the breadth 
of every 15 degrees longitude forms a separate time zone. The 
12th zone on each side is a half-zone, covering a belt of 7°30’. 
The time on the central meridian of cach zone is set as tic 
zone’s standard time. 

The figures indicating the zones’ time differences grow 
as we count them from the zero hour zone to cach side. Thus 
the difference between the east 12th zone and its counterpart 
or its next-door neighbour is squarely 24 hours. The line sepa- 
rating these two zones, or the 180° longitude, is the date line. 
International consultations, based on the consideration that 
fellow-country men divided by the 180° meridian should not be 
left to the inconvenience of concurrently living in two days, 
made readjustments of the line. The result was the establish- 
ment of the international date line. A traveller crossing this line 
from east must remember that one day in his lifespan is omitted, 
for he is “travelling” his way all at once into the next day. 

Suppose you fly from Beijing to New York. The plane be- 
comes airborne at noon of April 15. A 24-hour flight takes you 
to your destination at 12 of April 16, Beijing time. But the time 
of arrival as reported by American press is 23 hours of April 
15. That is because you have crossed the international date 
line in a west-east direction and the two cities have a time dif- 
ference of 11 hours. 

The establishment of time zones on the basis of a dificr- 
ence of an hour for each 15 degrees longitude is too simple to 
suit the practical needs, Inconvenience would arise if a small 
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portion of a country’s territory uses a time different from that 
used by the metropolitan regions. Readjustments of the system 
is, therefore, unavoidable. 

China is a big country whose territory extends from the 
Pamirs in the west to the junction of the Heilongjiang and Wu- 
suli rivers, spanning a distance of over 5,200 kilometres or 
61°22’ longitude. The time difference between both extremities 
amounts to more than 4 hours. In answer to her special need 
for a unified time, China adopts the time of zone 8 cast as her 
nationwide standard time, usually mentioned as Beijing timc. 

The following table lists the time of the world’s famous 
localities at 12 hours Beijing time. You can also use the table 
to get an approximate location of any place listed. 


place tlmo 
Beijing 12:00 
Tokyo, Japan 13:00 
Canberra, Australia 14:00 
Noumca, New Caledonia 15:00 
Wellington, New Zealand 16:00 
Apia, Western Samoa 17:00 
Dawson, Canada 19:00 
Vancouver, Canada 20:00 
Salt Lake City, US 21:00 
Chicago, US 22:00 
New York, US 23:00 
La Paz, Bolivia 24:00 
Brazilia, Brazil 1:00 
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Praia, Cape Verde 1:00 


Reykjavik, Iceland 3:00 
London, England 4:00 
Belgrade, Yugoslavia 5:00 
Bucharest, Romania 6:00 
Moscow, USSR 7:00 
Muscat, Oman 8:00 
Islamabad, Pakistan 9:00 
Dacca, Bangladesh 10:00 
Bangkok, Thailand 11:00 


Time difference must be taken into account in our daily life 
and exchanges. You could take 9 in the morning as a suitable 
time for a long-distance call to a friend staying in London. Then 
you would give him trouble by waking him up from a sweet 
dream at 1:00 just after midnight. When you travel to Cairo 
by air, you have to consult the table showing the time differ- 
ence before being able to arrange your journey in a rational way. 
Suppose your plane leaves Beijing at 8:00 in the morning. You 
would be mistaken if you expect landing at the airport in the 
outskirts of the Egyptian capital in the evening, because the 
time of arrival, expressed as 18:00 by Beijing time, is in fact 
13:00 at the city famous for her pyramids and sphinxes. 

The following is a formula which makes conversion of 
time much simpler. 


Time of _ Time of Zone number + Zone number 
place B ~ placeA of place A of place B 


Special attention should be paid to the following require- 
ments: 
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1. In case the place in question is located west of the 
prime meridian, the zone number should be taken as a negative 
value. 

2. In case the result is bigger than 24, deduct 24 and 
you will get the time one day ahead. But if the result is negative, 
you have to add 24 to it and the time you get refers to the 
previous day. 

For example, what time is it in Washington when it is 
8:00 a.m. in Beijing? 

First find Beijing on the time table to know that she is 
in zone 8 east. Then you locate the US capital in zone 5 west. 
Calculate in the following way: 

8:00 — 8 hours -+- (— 5) hours = — 5 hours 

Add 24 hours to —5 hours and you get 19:00 in the pre- 
vious day. 


6. How Is the Calendar Compiled 


In measuring time, the unils bigger than day are month 
and year, which are also determined by the motion of heaven- 
ly bodies. By year we mean the lime corresponding to the 
period of the Earth’s orbital revolution and the month is relat- 
ed to the moon’s revolution round the earth. The system of 
the arrangement of years, months and days is calendar, which 
may be solar, lunar or solar-lunar. China now uses the 
Gregorian Calendar, which is one of the solar calendars that 
have been compiled. Another calendric system popular among 
the Chinese people, generally known as “the farmer’s calen- 
dar”, is solar-lunar in nature. 

The solar calendar gets its name for its originality in the 
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tropical year or the cycle of scasonal changes caused by the 
earth’s orbital motion round the sun. The precise length of a 
tropical year is 365 days 5 hours 48 minutcs and 46 seconds. 
For convenience, compilers of the calendar give a calendrical 
year 365 days, reserving the balance which would accumulate 
to approximately one day in a period of four years. They add 
this day to February of every fourth ycar, making it what is 
generally known as a leap year, a year of 366 days. Within 
a year 7 months, namely January, March, May, July, August, 
October and December, are longer months each of which has 
31 days. Each of the shorter months, April, June, September 
and November, has 30 days. February is given 28 days in a 
regular year and 29 days in a leap year. Every year whose 
name represents a number that divides by 4 but not by 100 is 
to be a leap year, except when it is a multiple of 400. 

The Gregorian Calendar, used everywhere in the- world, 
was promulgated on October 15, 1582. It makes the hypo 
thetical birth year of Jesus Christ the first year in its chronol- 
ogy. Usually we refer to the period of a hundred years as a 
century and that of ten years as a decade, thus the year 1980 
is generally considered the first year of the 8th decade of the 
20th century. Since 1949 when the People’s Republic of Chi- 
na was founded, the country joined the international com- 
munity in adopting the Gregorian system of naming the years. 

The traditional Chinese or Farmer’s calendar is based on 
the cycle of the moon’s change in phases, but the seasonal 
periods are also taken into account. Given the moon’s orbital 
cycle as 29 days 12 hours 44 minutes and 2.9 seconds, tradi- 
tional Chinese calendar makers give a year 12 months, of 
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which 6 are longer months with 30 days each while each of 
the rest is one day shorter. Thus the year consists of only 354 
days, 11 days inferior to the Gregorian year. To fill the gap 
an intercalated month is added to every second or third year, 
making the year as long as 384 or 385 days. 

In this way the length of a year is kept as approximate as 
possible to the Gregorian year in.the long run. This calendar, 
sometimes called Xia calendar, largely corresponding to the 
cyclic motion of the moon, gets its popular but inexact name 
of lunar calendar. Inexact because the calendar also includes 
a system of solar terms, each of which coincides with a spe- 
cific period in the Gregorian year. The cycle from the Summer 
Solstice (the central day of the solar term bearing the samc 
name) to the same day of the next ycar consists of 365 days 
or just as many days as a Gregorian ycar has. For this reason 
the traditional Chinese calendar should be more exactly called 
a solor-lunar calendar. 

The ancient Chinese also developed a sexagenary cycle of 
60 years consisting of permutation of the ‘Heavenly Stems” or 
the Decimal Cycle and the ‘Earthly Branches” or the Duodcci- 
mal Cycle. The characters representing the former group are 
FA (jia), Z (yi), FW (bing), T (ding), & (wu), G Gi), B 
(geng), 3 (xin), (ren) and 3 (gui); while the latter 
series is formed by the following characters: + (zi), H 
(chou), # (yin), 98 (mao), fz (chen), E (si), 4 (wu), 
(wei), A (shen), A (you), pe (xu) and #& (hai). A 
combination of one character from each cycle makes the 
name of a year. Since the least common multiple of 10 and 
12 is 60, the first character from each series does not occur 
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together until three score years later, thus a complete sexage- 
nary cycle is made. 

Another year-designating system, popular though uncon- 
ventional in China, uses symbolic animals. Each animal cor- 
responds with a specific sign in the above-mentioned Earthly 
Branches and hence with a year. The following table shows the 
system. 


sign animal 
F (zi) rat 

TL (chou) ox 

tm (yin) tiger 

gp (mao) hare 

je (chen) dragon 
B (si) serpent 
“ (wu) horse 
Hm (wei) sheep 
FA (shen) monkey 
Bw (you) cock 
y& (xu) dog 

KK (hai) pig 


In the sexagenary system the name for the year 1984 is 
FA so its symbolic animal is rat. Basing yourself on this 
standard you can easily name the animal for any year. 

The Duodecimal Cycle was, in ancient China, also used 
to designate time in a day. The first of the two-hour periods 
(23:00 — 1:00) was represented by the sign-— (zi) and each of 
the other such periods in a day corresponds to an Earthly 
Branch. This system is no more useful in modern times when 
clocks and watches are widely used. 
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7. Useful Data on the Earth 


Mean distance from the sun 
(astronomical unit) 


Maximum distance from the sun 
Minimum distance from the sun 
Radius at the equator 

Radius at the poles 

Oblateness 

Perimeter at the equator 

Volume 

Surface arca 

Mass 

Average density 

Average speed of revolution 


Velocity of rotation at 
the equator 


Average acceleration of gravity 
at the surface 


Age 
Composition of Atmosphere 


149,597,870 km 
152,100,000 km 
147,100,000 km 
6,378.164 km 
6,356.779 km 
1:298.25 
40,075.24 km 
1,083.2 billion km? 
510,070,000 sq km? 
5.976X10"" g 
5.518 p/m! 
29.79 km/sec 


465 in/ sec 


980.665 cm / sec? 
about 4.6 billion years 


nitrogen (78%) 
oxygen (21%) 
argon (0.93%) 
carbondioxide (0.03%) 
neon (0.0018%) 
vapour, dust 
etc. 


CHAPTER V 
UNVEIL THE MOON 


The heavenly body that is least distant from us, the moon 
is just 1/49 in volume and 1/81.3 in mass of the earth. 

Her light, so pure and mellow, gives rise to a series of 
tales in folklore. The Chinese talk about, among other things, 
Lady Chang-e’s flight to the moon, the hero Wu Gang chop- 
ping down a cassiabarktree there and a white rabbit pounding 
medicine herbs in the lunar realm. Every family has a reunion 
for the night of the 15th of the 8th month by the traditional 
calendar to enjoy the harvest moon and the moon-cakes and 
other delicacies. 

The facts, however, ridicule such beautiful storics and 
colourful customs. The moon is a desolate heavenly body 
where no atmosphere, no watcr, nor living creatures are to be- 
found, not to say human beings or similar highly-developed 
animals. 


1. Peculiar Appearance 
American spaceship “Apollo 11” landed on the moon on 
July 21, 1969. Astronaut Armstrong became the first human 
being to set his foot on that heavenly body, making her the 
first non-terrestrial world open to human visitors. 
By the end of 1972, 12 astronauts landed on the moon and 
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another 15 had flights over her. More than 15,000 photos 
were taken of her by these explorers who also shot movie films 
starring her. Loads totalling at least 380. kilograms of lunar 
rocks and soil were brought back to the earth. Six laboratorics 
were set up in different places in that lonely world. Such ex- 
plorations and researches have given us more information about 
the moon (Fig. 45). 


Fig. 43 The moon 


The moon has a rugged surface, where neither the reput- 
ed palace Guanghan housing Lady Chang-e nor the legendary 
tree is ever to be identified. There are mountains, highlands, 
plains and basins. Sunlight plays its role by making the high 
regions brighter than the sunken areas. Astronomers, in order 
to carry out further researches on the lunar world, name the 
places there (Fig. 44). The greatest system of upheavals, the 
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Fig. 44 Sketch map of the moon 


a—Mare Imbrium (Sea of Rain) 

b — Mare Serenitatis (Sea of Serenity) 

c —Kepler 

d —Copernicus 

e—Mare Tranquillitatis (Sea of Tranquility) 
f —Mare Crisium (Sea of Crisis) 
g—Occanus Procellarum (Ocean of Storms) 
h —Ptolemacus 

i—Mare Fecunditatis (Sea of Fecundity) 

j —Mare Humorum (Sea of Humidity) 

k —Marc Nubium (Sea of Cloud) 

1—Marc Nectaris (Seca of Wine) 
m— Tycho 


Apennines extends 6,400 kilometres, culminating near the 
south pole to an altitude of 9,000 metres, dwarfing the earth’s 
Mount Qomolangma (Everest). Vast plains are called ‘“‘seas” 
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or “oceans”, the smaller stretches of flatland are mentioned as 
“lakes” or “gulfs’” and the depressions are considered ‘‘val- 
leys”. Oceanus Procellarum, the most expansive ‘‘ocean”, 
covers an area of about 5 million square kilometres or half as 
big as China. An outstanding feature of the moon’s terrain 
is the great number of craters which could rise to at least 
30,000 when you count them with the help of an astronomical 
telescope, excluding those less than one kilometre in diameter. 
Crater Billy near the south pole leads the whole community 
with a breadth of 295 kilometres. Mountains cover roughly 
60 percent of the total area over the moon, leaving no more 
than 40 percent for plains. 

An interesting feature in the nomenclature for the moon 
is that some places are namcd after specific geographical enti- 
ties on the carth, thus you can find the mountain ranges Apen- 
nines, Carpathians and Alpes. More frequently the craters in- 
herit the names of famous scientists. Ancient Chinese 
astronomers Zhang Heng and Zu Chongzhi have joined Coper- 
nicus, Kepler, Archimedes, Pierre Curie and Marie Sklodowska 
Curie in granting their names to the circular upheavals on the 
moon. 

Once on the moon you will find yourself in a peculiar 
environment. In the absence of either water or air, there are 
no wind, rain or any other meteorological changes. Tempera- 
ture rises and falls violently but regularly. At daytime it is 
100—127° centigrade and an minimum between —150 and 
—183° centigrade may be recorded at night. In such conditions 
even the survival of the germs is out of the question, not to say 
that of the cassiabarktree or the mystic rabbit. 
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As volcanic activities and earthquakes have been record- 
ed on the moon, scientists raise the hypothesis that the interior 
of the satellite may not be solid and the temperature at its kernel 
may be 1,000° centigrade. 

The moon keeps facing us with her frontside, refusing to 
reveal her back. Photographs have been taken of the “re- 
versc” side by spacecraft travelling round her. Those pictures 
have cleared up the mystery about the other half of the moon, 
showing that there are also craters of various sizes. 


2. The Moon’s Regular Change in Phase 


Like her superior companion the Earth, the moon gives no 
light but simply reflects the sun. The side facing the glorious 
source of light is visible and bright, while darkness is charac- 
teristic of the other half. 

As the Earth’s satellite, the moon revolves round her and 
accompanies her in her own orbital travel circling the sun (Fig.< 
45). Such movements lead to the changes in the three bodies’ 
position as compared with that of each other, changes respon- 
sible for the alterations in the apparent shape, or the phases, 
of the moon. 

The phases of the moon succeed each other in a regular 
cycle (Fig. 46). On the first day of a month by the Chinese 
traditional solar-lunar calendar, the moon stands just between 
the sun and the earth, confronting us with her dark side. We 
see no moon until a few days later when a crescent in the shape 
of a sickle appears in the western sky at sunset. This moon, 
which is- beginning to wax, is popularly called waxing crescent. 
By first quarter moon we mean the half moon we see by the 
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Fig. £5 The motions of the earth and the moon 
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7th or 8th day of the month by the traditional Chinese calen- 
dar, when she shows us half-of her bright side, keeping the 
other half dark and hence invisible. Wait another week and 


BY 


we shall see, on the 15th or 16th of the month, a full moon 
rising in the cast in the evening and shining all night until her 
setting at daybreak. At that point in her orbital travel she 
stands opposite to the sun, giving the earth a position in the 
middle. As the moon moves on she wanes. A week later we 
see the half moon typical of the third quarter of her cycle. By 
the 26th or 27th of the month only a small remaining part of 
her remains visible. She then disappears in a few days only 
to reappear in a new cycle. 

, The time covered by the whole wax-and-wane cycle of the 
moon is referred to by the astronomers as synodical month to 
which the traditional Chinese month approximately corre- 
sponds. 


3. Useful Data About the Moon 


Mean distance from the earth 384,401 km 
Maximum distance from the earth 406,700 km 
Minimum distance from the earth 356,400 km 


Diamcter 3,476 km 
Volume 2.200 X 10% cm! 
Mass 7.350 X 10" g 
Density 3.341 g/cm? 
Average orbital velocity 1.02 km/sec 
Orbital period 27.3 days 
Rotational period 27.3 days 
Acceleration of gravity on 

the surface 162.2 days 
Age about 4.6 billion years 
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CHAPTER VI 
SPECTACLE OF CELESTIAL EVENTS 


Usually the sun, the moon and the stars move so regular- 
ly and so calmly that we see nothing particular about them. 
In fact our lack of interest in those heavenly bodies’ motion 
sometimes goes so far as to overlook their very presence. Oc- 
casionally, however, spectacular celestial events take place to 
our astonishment and amazement. In a fine day the shining 
sun may suddenly appear to have lost a part or hecome totally 
dimmed. While illuminating the nocturnal firmament the 
moon may be covered up by a shadow. On other occasions 
Strange stars with blazing light manifest themselves in an 
astonishing way. Such occurrences were and, as in some re 
gions closed to modern science, are viewed as mysterious signs 
about blessings or misfortunes to come. Adequate knowledge 
about those events is very important to the dissolution of such 
superstitious beliefs. 


1. Solar Eclipse, a Rarely-seen Phenomenon 


It was February 16, 1980. Inhabitants of the south- 
western province of Yunnan were cclebrating the traditional 
Spring Festival. Suddenly a dark strip was seen on the 
western limb of the bright afternoon sun. As the shaded part 
expands dimness gradually prevails all over. Soon what was 
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left of the solar disc appeared as a thin crescent and it became 
as dark as late evening. Eventually the sun was totally cover- 
ed up by a shadow as big, leaving silvery rays spilling beyond 
the borders. “Night” fell and the stars were seen. The nat- 
ural blackout remained until some time later when the sun 
re-emerged from the eastern brink of the shadow, restoring her 
glory. That was a solar eclipse, and the silvery light seen 
round the shadow obscuring the sun is the sun’s corona (Fig. 
47). 


* 


Fig. 47 Total solar eclipse 


What is the cause of a solar cclipse? As a solid globe, the 
moon trails a shadow in the sunlight. In case she finds 
herself strictly on the same straight linc between the sun and 
the Earth, the shadow falls on the surface of our planet. Peo- 

‘ple in thé shaded rcgion then observe the eclipse. Two factors 
are prerequisite for a solar cclipsc: the date (the Ist day of the 
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month by the traditional Chinese calendar, when the moon is 
flanked by the sun and the Earth in the space) and the occur- 
rence of the three bodies strictly on a straight line. These 
factors rarcly coincide and that is why the solar eclipses hap- 
pen only at low frequencies. 

Three types of solar eclipses are distinguished, taking into 
account the manner in which the sun is covered by the moon. 
A total eclipse is one characterized by the obscuration of the 
whole solar disc, while in a partial eclipse only a part of the 
sun was concealed. When the moon hides the central portion 
of the sun, leavirig an outer ring of light, we have an annular 
eclipse. 

The whole process of a solar eclipse may be divided intu 
stages. For a total eclipse there are five stapes (Fig. 48). At 
the first contact the moon's castern limb is seen touching the 
sun at her western border, marking the bepinning of the event, 
The apparent tangency of the moon’s eastern rim with that of 
the sun is characteristic of the second contact or the start of 
the total obscuration. The stage when the sun and the moon's 
shadow become concentric is called the middle of the eclipse. 
The end of the total obscuration and the reappearance of sun- 
light occur at the fourth contact marked by the meeting of the 
moon’s western limit with the sun’s. The final period of the 
eclipse begins with the moon’s detachment from the sun. At 
that time the moon's western limb touches. and then leaves the 
eastern edge of the sun which then reappears as she always is, 
full, round and glorious. The wholc process usually takes 
more than two hours, but the total obscuration of the sun lasts 
no longer than a few minutes or 7 minutes at most. 
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Fig. 48 Five stages of a total solar eclipse 


Only three stages are distinguished in a partial eclipse 
(Fig. 49), namely the first contact, the middle and the final 


contact. 
An. annular eclipse agrees with the total eclipse in cover- 


ing a full process of five stages but, as the moon appears as 2 
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Fig. 49 Three stages of a partial solar eclipse 


smaller disc than the sun, the second contact marks the 
tangency of the moon’s western rim with the sun’s instead of 
the meeting of the castern limbs as observed in a total eclipse. 
Difference ariscs also with respect to the third contact when 
the eastern, instead of the western, cdges blend (Fig. 50). 


Solar cclipses in China (1985—1990) 


. Time of 
Pate Descrip- middle of to be observed in 
eclipse 


May 20, 1985 partial 4.33 — 4.38 northeast & north China 


Sept. 23, 1987 annular 9.25—10.06 annular on strip from 


Urumgi to Shanghai; par- 
tial elsewhere 


March 18, 1988 total 9.09—10.18 partial in most parts 


July 22, 1990 total 9.30—10.30 partial in northwestern & 
northeastern China 


2. The Moon Swallowed Up by a Divine Dog 


Ridiculous as it is considered in modern times, this was 
the ancient popular Chinese interpretation for the lunar 
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Fig. 50 Five stages of an annular solar eclipse 


eclipse. And such a feast for that glutonous divine animal was 
believed to be a sign heralding a catastrophe for human beings. 
Unlike the solar eclipse marked by the covering up of the 


sun by the moon, the lunar obscuration is caused by the 
shadow of the Earth. On the 15th, 16th or 17th day of 
a month by the solar-lunar calendar, that is, when the earth 
comes into a position between the sun and the moon, and, in 
case the three stands strictly in a straight linc, the Earth sheds 
her shadow over her smaller partner. Thus we see a lunar 
eclipse. 

A total lunar eclipse is marked by the full vanishing of 
the moon in the Earth’s shadow. Like the total solar eclipse, 
the whole event has five stages: the first and the second con- 
tacts followed by the middle which in turn precedes the third 
and fourth contacts (Fig. 51). But, while in a solar eclipse the 
moon’s dark figure is seen touching the sun at the latter’s 
western limb, it is the moon's eastern cdge that is exposed to 
the intrusion of the Earth’s shadow in a lunar eclipse. And 
the eastern border also leads the other parts in re-emerging 
from the obscuration. 


Fig. 51 Five stages of a lunar eclipse 
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A partial lunar eclipse undergoes a process similar to that 
characterizing a partial solar eclipse, a process consisting of 
the first contact, the middle and the final contact (Fig. 52). 
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Fig. 52 Three stages of a partial lunar eclipse 


Lunar eclipses in China (1985—1990) 


Duration from first contact to 


Date Description final contact (Beijing time) 
May 5, 1985 total 2.16— 5.36 
Oct. 28/29, 1985 total 23.54— 3.30 
April 24, 1986 total 19.03—22.22 
Oct. 18, 1986 total 1.29— 5.06 
March 4, 1988 partial 0.07— 0.18 
Aug. 27, 1988 partial 18.07—20.01 
Feb. 20/21, 1989 total 21.43— 1.27 
Feb. 10, 1990 total 1.29— 4.54 
Aug. 6, 1990 partial 20.43—23.40 


3. Miraculous Sights in the Starry Sky 


A “guest star” astonished ancient Chinese observers by 
its sudden appearance on July 4, 1054 near ¢ Tauri. Impcrial 
astronomers kept watching it for many days and recorded their 
impressions, stating that a star “even brighter than Venus was 
seen for as many as 23 days in broad daylight, radiating blaz- 
ing silvery rays”. That “guest” or new comer to the celestial 
mansion remained to be seen at night until more than a year 
later when it vanished. 

A nebula on the site of the miraculous appearance of that 
stranger was discovered after the 18th century by astronomers 
aided by telescopes. It was named Crab nebula for its re- 
semblance to that crustacean. In 1921 astronomers found the 
nebula to be proliferating. By the rate of the proliferation they 
developed the hypothesis that it had its origin in a centre where 
an explosion took place about 900 years previously, thus relat- 
ing the birth of the nebula to the “guest star” of 1054, which 
in fact was the blast of a supernova. Modem theories of stcl- 
lar evolution have it that most stars in the later stages of their 
development give rise to explosions varying in mechanism and 
violence. A relatively moderate blast of this kind may be 
described as a projection of matter from a central stellar body 
to form a planetary nebula as we observe. More powerful are 
the explosions of dwarf novas, recurrent novas, novas and 
supernovas. How violent may these outbursts be? The 
brightness of a regular nova’s blast is about that of 50,000 
suns, and the corresponding figure for supernovas is an aston- 
ishing 100 million! What a consumption of energy it is! A 


mighty explosion characteristic of a supernova may result in 
the full disintegration of the original star into scraps and emis- 
$ive matter. In some cases a remnant survives in the form of 
a star much smaller in volume but of very high density. 


4. Tide, the Visitor That Always Comes in Time 


Inhabitants of the coastal areas are familiar with a nat- 
ural spectacle which, arising on the earth, originates in the 
sun and the moon high above in heaven. That is the tide, or 
periodic rise and fall of the sea. A famous place for tourists 
to enjoy the view of the mighty tides is at the mouth of the 
Qiantang River in the Chinese southeastern coastal province 
of Zhejiang. When high tide occurs the sea there rises so sud- 
denly that walls upon walls of water roll towards the beach 
and crash against the banks, raising thunderous sounds. This 
is the Qiantang tide, for centuries a favourite theme of poetry 
and arts (Fig. 53). 

Labouring people in ancient China became familiarized 
with the regularity of the tides. Along Chinese coasts two 
rises of the sea are observed every day, one in the morning, the 
other in the evening, which arc called the morning and evening 
tides respectively. 

The first stage in the whole process of tiding is called 
flooding and is marked by the gradual and steady rise of the 
sea. After that the sea remains high for some time and is de- 
scribed as slack. The fall of water at an accelerated rate 
characterizes the next stage referred to as ebb tide, which in 
turn is followed by.the low water stand. By tidal range we 
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Fig. 53 Spectacle of tide as viewed at the mouth of 
Qiantang River near Haining, Zhejiang 


mean the difference in sea level between the high water and 
the subsequent low water. 

There are three different types of tide (Fig. 54). The reg- 
ular semidiurnal tide is characterized by two high tides and 
as many low waters in a single lunar day (time between two 
successive rises of the moon) with equal tidal ranges and equal 
time covered by each rise or fall. We call it mixed tide in 
which the two rises and falls in a lunar day differ in range and 
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Fig. 54 Three different types of tide 


time. And a single fluctuation between the high and low wa- 
ters in a day is the special feature of the diurnal tide. 
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Why does the sea rise and fall periodically? The answer 
is to be found in the gravitation of the sun and the moon. As 
the heavenly body nearest to the earth, the moon boasts the 
most powerful tide-raising force. As early as 1,800 years ago, 
Chinesé scientist Wang Chong (27 — c. 97) correctly attributed 
the tides to the role of the moon when he noted: ‘The tides 
correspond to the change of the moon’s phases.” 

Spring tide occurs when there is new moon or full moon, 
because then the tide-raising force of both the sun and the 
moon operates in the same direction (Fig. 55). During the 


funac tide 


sola tide 


Fig. 55 Spring tide 


first quarter and the fourth quarter of the moon solar and lunar 
tide-raising force comes from directions at right angles to each 
other and that results in the weakening of the total force to the 
point where it can give rise to no more than neap tide (Fig. 
56). And viscosity of sca water and the friction between the 
water and the bottom of the sea play their role in affecting the 
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Fig. 56 Neap tide 


rate of the rise of the tides. Thus the spring tide and the neap 
tide occur a few days later than, not on, the dates indicated 
above. If you arrive at the bank of the Qiantang on the Ist’ 
or 15th of the month by the traditional solar-lunar calendar, 
you have to wait another few days before you can see the tidal 
-events. 

As a natural phenomenon, tide means very much to man’s 
livelihood, to industry, agriculture, transport and communica- 
tion, and even to military planning. Inhabitants of ancient 
coastal China made use of the tidal energy in processing food 
grains. The labouring people’s wisdom was manifested in the 
building more than 900 years ago of a stone bridge in a pe- 
culiar way. They erected only the piers, leaving the rest of 
the job to the tidal waves, which then raised the big slabs and 
rested them on the piers. A number of tidal power plants, 
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though small, have been put into operation in many countries, 
including China, in long-term programs for experimental and 
practical utilization of tidal energy. Those operating in coastal 
China have played impressive roles in rural sideline produc- 
tions and in the development of local industry. 


CHAPTER VII 


NEW INVENTIONS AND 
DISCOVERIES 


Modern astronomy has impressed the world with astonish- 
ing achicvements, particularly since the emergence of radio as- 
tronomy and spacccraft. New discoveries in recent decades, 
while dissolving many mysteries of the universe, have posed 
a series of new problems before the scientific world. 


1. Modern Powerful Telescopes 


In the infinite universe where countless heavenly bodies 
are experiencing constant changes, only a limited number of 
about 6,000 are exposed to the naked cyc. In order to see 
more distant parts of the cosmos, astronomers equip themselves 
with telescopes, which give them marvellous power com- 
parable to that attributed to the mythical figures who can see 
things hundreds of miles away. 

Built on the same principles with opera glasses and 
military telescopes, a refracting astronomical telescope has the 
convex lens as its most important component. Such a lens 
focuses rays (Fig. 57). This can be seen in the work of 
a magnifying glass, which, when put in the sun, concentrates 
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Fig. 57 The rays-focusing power of a convex lens 


the sun rays it receives on a very small area, forming a bright 
and scorching spot. 

A piece of frosted glass placed at a suitable distance be- 
hind a convex lens will show the image of an object posed 
somewhere in front of the lens. A smaller lens mounted be- 
hind the major one helps to make the image clearer. A tele- 
scope {fs just an instrument consisting of such a system 
of lenses. 

An astronomical telescope, however,.ds different from one 
designed for travellers or navigators in, first of all, nize. With 
a diameter of tens of centimetres or even several metres, it 
dwarfs its counterparts, which are usually no more than three 
to five centimetres in breadth. This is hecause the bigger 
the lenses are, the more focusing power there will be, and the 
stars less bright will be caught. As the making of very big 
lenses poses unsurmountable difficulties, builders of powerful 
astronomical telescopes substitute paraboloidal concave lenses 
for convex ones to gain the same expccted effects. Another 
difference is that a telescope for ustronomical observation 
usually has, instead of a simple second lens, sophisticated ter- 
minal devices to record what is observed by photographic or 
electronic means. Moreover, there are complicated aiming and 
tracking devices. Automatic accessories, driven by- electric 
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power, are needed to enable the telescope closely to follow the 
always moving stars. Computers are now controlling tele- 
scopes in tracking their objects. 

The progress made in astronomy has been closely as- 
sociated with these improvements. Every new type of telescope 
leads to the discovery of new heavenly bodies. 


2. Stars Invisible 


Telescopes bring many stars as dim as not to be seen by 
fhe unaided eye into human sight. The range of such an in- 
strument’s power is, however, limited. Innumerable stars re- 
main hidden in darkness. More and more powerful telescopes 
are expected to come to our aid so that we could probe into 
the depth of space and into the unknown universe. 

Now we know, however, that enormous numbers of 
cosmic objects will never be seen, no matter how big optical 
telescopes might be used, for such heavenly bodies give no 
“light”. Radio waves from the sun were received on the eve 
of World War If. Later such waves from other heavenly 
‘bodies were caught. A special instrument designed to detect 
the radio waves, radio telescope, came into being. Systematic 
scanning over the heavens with such instruments has led to 
the discovery of thousands of celestial bodies projecting radio 
waves (Fig. 58). A number of those radio signal originators 
are identified to be objects visible through optic telescopes, 
other challenge any attempt at sighting them. Unable to tell 
whether such an object is a star or a galaxy, astronomers prefer 
calling it radio source. Radio astronomy concerned with the 
radio waves from the depth of space has, since its emergence, 
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Fig. 58 Radio telescope 


brought about many notable discoveries, including such mar- 
vellous celestial bodies as pulsars and quasars. 

It is known that heavenly bodies emit radio waves. The 
fact is that radio waves and light share the common identity 
as electromagnetic waves. The only difference lies in the length 
of the waves. Unlike light waves which are measured in terms 
of ten thousandth of a millimetre, radio waves stretch from 
about a millimetre to more than hundreds of metres. Waves 
of varying lengths are emitted from different celestial bodies 
existing in different conditions. Researches on radio waves 
could thus give us information about a celestial body and its 
attributes. 
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Fig. 59 Electromagnetic spectrum 


In the electromagnetic spectrum (Fig. 59) there are waves 
shorter than light waves. X-rays used in diagnosis, for example, 
are limited to just one millionth of a millimetre in length. 
Other waves, like the far infrared rays for baking, outstrip 
light waves but are in turn outshone by radio waves in length. 
As the earth’s atmosphere is an excellent absorber of X-rays 
and far infrared rays, their emissions from the celestial bodies‘ 
can hardly be detected on the surface of our planet. Modern 
space technology has cnabled astronomers to make observa- 
tions high above the atmosphere by loading their instruments 
on man-made satellites. As a result great numbers of objects 
undetectable by cither optical or radio telescopes came to be 
known. These are usually referred to as X-ray sources and 
infrared sources. They have provided us with valuable in- 
formation on many strange features of the celestial bodies. 


3. “Lighthouse” in Space 


Astronomical researches by radio, X-ray and infrared tech- 
niques have brought before us an utterly new look of the 


104 


universe. Enormous numbers of stars unseen came to be 
“sighted”, peculiar bodies were detected. Now our discussion 
will focus on some of them. 

In 1967 British astronomers received through a radio 
telescope strange stellar radio signals, which, unlike other radio 
signals so far detected, came intermittently in a manner com- 
parable to the pulse. The sources of such radio signals were 
soon identified as rapidly rotating neutron stars. Astronomers 
and also physicists had, in the 1930's, raised the 
hypothesis on neutron stars by theoretical inference. This 
assumption has it that, in a late stage in its evolution, a star 
explodes to become a supernova. The remnants of such an 
event collapse by gravitation to form a body of very small vol- 
ume with a diameter no more than tens of kilometres. Unimag- 
inable high density 10,000 billion times that of a diamond 
arises as a result of such a shrinkage by the ratio of a hundred 
thousand to one. Electrons and protons there combine to form 
neutrons, thus a neutron stars is born. For more than 30 years 
such a hypothesis remained unconfirmed by practical observa- 
tion until the discovery of pulsar. The features of a pulsar are 
largely identical with those attributed to a neutron star. As 
there is a magnetic field with high intensity, powerful radio 
waves are emitted from the magnetic poles. Beams scan the 
space as the neutron star rotates, the same way as light is pro- 
jected from a lighthouse. A signal is received by us each time 
the emission centre faces the earth. Thus we get pulsating 
radio signals (Fig. 60). 

One such pulsar was located in the centre of the Crab 
nebula in the constellation Taurus. As we mentioned earlier, 
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Fig. 60 “Lighthouse effect” of a pulsar 


ancient Chinese document Song Shi (History of the Song 
Dynasty) reports the appearance of a very bright ‘“‘guest star’” 
in this region in 1054, The consensus among the world’s 
astronomers is that that blazing body was just an outbursting 
supernova which later became a neutron star wrapped up in 
the Crab nebula. The identification of pulsars as neutron 
stars born in the blast of a supernova is thus established. 


4. Black Hole, a Puzzle 


The theory of a stellar evolution states that, in case a star 
is very big in mass, what is left of it after its explosion as a 
supernova and the subsequent collapse is a body smaller and 
denser than a neutron star and has a gravitational field of im- 
mense intensity. When you throw an article into the air, it 
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soon drops down because the earth draws it back by her gravi- 
tation. A projectile moving at a velocity of at least 8.2 kilo- 
metres per second can become free from the earth’s attracting 
force and proceed away from her. That is the required speed 
of any spacecraft. Higher velocity is needed to resist the 
gravitation of a more massive body. The product of the col- 
lapse of a certain star following the supernova explosion can 
be extraordinarily massive whose gravitation could be so 
strong that even the velocity of light (300,000 km/sec) can’t 
help a matter to “charge” out of its gravitational field. No 
other matter can travel faster than light. If a celestial body 
can keep light from emitting, it is powerful enough to prevent 
the escape of anything. Such a body, neither giving out nor 
reflecting light, is named black hole by astronomers. 

Black holes, though reluctant to send light or any other 
messages, are by no means unknowable. Scientists try to con- 
firm a black hole’s existence by its interactions with neighbour- 
ing bodies or matter. If a black hole joins a visible star to 
form a binary system in which the two members revolve round 
each other, we can see a lonely star orbit round an “empty” 
gravitational centre (Fig. 61). Matter emanated from the 
visible companion, under the black hole’s powerful gravita- 
tion, flows at a very high accelerated spced towards it, project- 
ing intensive X-rays. Such a being was thought to have been 
found and given the code number HD226868. Calculations 
have led to the affirmation that at the gravitation centre round 
which it revolves along an elliptic orbit there must be a body 
six times as big as the sun, well above the standard for the 
formation of a black hole which has to consist of mass at least 
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visible star 


X ray radiation 


Fig. 61 A black hole 


three times that of the sun. The body should have been a 
visible star, for so much mass usually gives strong light. No 
such an illuminator, however, was seen there. Later X-ray 
observations into the space have, as expected, detected power- 
ful X-ray emissions from that region, and the emissive centré’ 
covers an area less than 30 kilometres in breadth. Astrono- 
mers call it X-1 Cygni or X-ray projector No. 1 in the constella- 
tion of the Swan. Bearing all the specific features hypothetical- 
‘ly attributed to the black holes, this X-ray projector is consider- 
ed to be the most promising candidate for the identification as 
one of them. Intensive efforts are being made to find more 
evidence for the final confirmation of that strange body as 
nothing but a black hole. 


5. The Mystery of Quasars 


A group of celestial bodies, which resemble but not 
actually are stars were discovered in the early 1960’s and are 
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generally known as quasars or quasi-stellar radio sources. An 
outstanding feature of such objects is their great red shift, or 
the displacement of their spectrum toward longer wavelengths, 
A white beam of light is separated by a prism into a set of 
bands of coloured light in the order of red, orange, yellow, 
green, blue, indigo and violet. This set is called spectrum. A 
smoothly distributed spectrum usually bears sets of dark or 
bright lines known as spectral lines. The configuration of a 
set in the spectrum depends on the chemical elements, some 
of which absorb while others give light. Each set of spectral 
lines corresponds to a specific chemical element. In the 
spectrum of a stationary illuminator the spectral lines remain 
in their respective proper places. The motion of the source 
of light leads to the spectral lines’ shifts. 

When the source moves away from us, the spectral !nes 
shift to the end marked by the band of red and there is red 


spectrum showing redshift 


light source moving 


violet ted away from us 


Spectral line 
violet red light source 
remaining statie 


Fig. 62 The red shift 
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shift. On the other hand, violet shift, or the spectral line’s 
displacement towards the band of violet, indicates the source’s 
approach. Researchers on remote galaxies have long since dis- 
covered their red shift to be growing in direct proportion with 
distance, that is, the farther a galaxy is, the greater the red 
shift there is. Outstripping all known galaxies in red shift, 
quasars are assumed to be more distant ones. Other findings 
challenge this assumption, showing a quasar to be much small- 
er, apparently less than one millionth times smaller than an 
ordinary galaxy. The quasar’s appearance suggests that they 
are something like stars, yet their distance leads to the 
inevitable conclusion that they are galaxies. What is more 
puzzling is, how can a quasar, so distant from us and so small, 
be nearly as bright as an galaxy? How can it have so enormous 
energy? Some proposed solutions to these questions sound at- 
tractive cnough, no final agreement, however, has yet been 
reached by the experts. 

Some researchers are of the opinion that a quasar’s red 
shift has a cause other than distance and does not mean re- 
motencss. They allege that quasars may even be much nearer 
than the galaxics, thus solving the Gordian knot about the 
energy. But what in the final analysis might be responsible 
for the quasi-stcllar bodies’ red shift remains a question to be 
given a satisfactory answer. More than two decades after such 
strange celestial objects’ discovery, the mechanism that leads 
to the emergence of their peculiar red shift are still puzzling 
astronomical researchers. 
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6. Search for Extraterrestrial Life 


Is there life on the heavenly bodies other than the carth? 
This has been a question of universal high interest, on which 
astronomers have made notable efforts. 

In the search for extraterrestrial life, researchers first 
focused their attention on the planets similar to our own. Mars, 
the earth’s closest neighbour, was suspected to be a potential 
home for living creatures. Some astronomers in the early years 
of the present century went so far as to claim the sighting of 
“canals” and changes in the vegetation there, giving rise to 
controversies. Close observations were made in recent years 
by spacecraft scraping by or landing on Mars. Their findings 
belied all those optimistic assumptions. ‘The so-called canals 
are in fact natural corrugations cut across her surface in 
a disorderly way. No human beings, no animals, no plants 
were found. Experiments with sophisticated instruments were 
made there, trying to find microbes in Martian soil. No 
microorganism was detected, though the possibility of its 
existence has not finally been ruled out. Other planets, where 
the temperature may be relentlessly high or low, where the at- 
mosphere may be unimaginably dense or even non-existent, 
could hardly be suitable homes for any living things. 

There is possibility that life exists outside the solar system. 
Could there ever be any sound evidence for the limitation of 
life to a tiny body like our earth in the infinite universe? Radio 
astronomical observation did discover some complicated or- 
ganic molecules which are the materials originating life. A 
solid celestial body is, however, the first prerequisite for life 
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as its home. Some planets revolving around one of the stars 
other than our sun are thus the most promising targets for our 
search for life. Astronomical researches have led to the con- 
clusion that many stars govern planets which may well have 
animated inhabitants. In order to catch the radio messages 
sent by extraterrestrial intellectual living beings, some astrono- 
mers use powerful radio telescopes to carry out systematic 
monitoring. A “letter” was carried by cach of the American 
space vehicles Pioncer 10 and Pioneer 11 launched in 1972 and 
1973 respectively. Addressed to extraterrestrial “human be- 
“ings” who might live anywhere in the universe, the epistle was 
inscribed on a metal plate. The message was borne by two 
human figures, one male and the other female, plus a map 
showing the sun's nine major planets and the specific location 
of our earth. Authors of the letter sought to establish ex- 
changes with potential intellectual recipients who might, after 
reading the ‘‘text”, be able to know what we are like and where, 
we live. Now the two messengers are far off from our com- 
munity of planets, deep into the space. 

Researchers at the US Arecibo Observatory in Puerto 
‘Rico sent radio “telegraphic message” to the global cluster 
M13 in the constellation Hercules boasting a membership of 
300,000 stars. Signals indicating the form of human body, the 
Arabic figures from 0 to 9, the molecular formula of DNA (the 
basic component of terrestrial life) and the location of the solar 
planets. An answer is being expected, though it would be 
42,000 years afterwards when any response comes, for those 
stars are so distant that the travel of a radio message takes at 
least 210 centuries. 
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A British infrared astronomical satellite recently made a 
surprising discovery. It caught the signs of small heavenly 
bodies revolving round Vega (a Lyrae). They could be assum- 
ed to be members of a planetary system. This was the first 
observational evidence for the existence of a non-solar com- 
munity of planets, confirming the hypothetic assertions. The 
finding of such a system which may well serve as the focal 
point of future researches deserves to be considered a big stride 
forward in the seeking for extraterrestrial life. 
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CHAPTER VIII 
FAMOUS ASTRONOMERS 


Among the six great basic sciences (mathematics, physics, 
chemistry, astronomy, earth science and biology), astronomy 
. is one of the most ancient academic subjects. Astronomical 
achievements have carried man’s scope of knowledge from his 
own home the earth to the solar system, from stars to the Gal- 
axy and further to the extra-galactic universe. Now with his 
presence in the outer space, man extends his explorations as 
far as 10 billion light years away, thanks to modern facilities 
for observation. 

Successes in astronomical researches have always beeri 
closely related with the advances made in technology and 
science in general. They are unimaginable without the self- 
sacrificing dedication to them by the astronomers of different 
times. The long list of notable historical figures in this field 
include Chinese astronomers Jia Kui (30—101), Zhang Heng 
(78—139), Yu Xi (281—356), Zu Chongzhi (429—500), 
Yixing (683—727), Shen Kuo (1031—1095), Wei Pu 
(fl. 1072), Guo Shoujing (1231—1316) and Xu Guangqi (1562 
—1633). Western personages that may be mentioned here in- 
clude Nicolaus Copernicus (1473—1543), Tycho Brahe (1546 
—1601), Giordono Bruno (1548—1600), Johannes Kepler 
(1571—1630), Galileo Galilei (1564—1642), Sir Isaac Newton 
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(1642—1727), Edmund Halley (1656—1743), the Herschel» 
(18/19 century) and many others. Among these we shall com 
ment on four, focusing on their contributions to the science 
about the heavenly bodies. 


1. Zhang Heng, Well-learned Scholar 


Born in Nan’yang in modern Henan, China, in the ycar 
AD 78, Zhang Heng was, as a boy, praised for his industry, 
curiosity and modesty in his pursuit for knowledge, despite the 
poverty of his family. He left home at the age of 16, making 
field rescarches and receiving instructions from famous 
scholars. By 20 he was already known for his literary writings 
rich in content and elegant and impressive in style. When he 
was 31 he diverted his interest from literature to philoseply, 
taking up the study of astronomy, calendars and mathematics 
with the help of instruments of his own design. He focused 
his attention on the motions of the sun, the moon and the stars, 
The year 115 was marked by Zhang's nomination as faishiling 
(court historian) who was encharged with astronomical obser- 
vation, compilation of calendar and determination of suituble 
dates for important civic celebrations, sacrifices and govern- 
ment measures of great historical significance. This office 
made accessible to the middle-aged scholar facilities for ustro- 
nomical and calendrical studies, enabling him to bring astron- 
omy of his times to a new standard. His life crowned with 
scientific achievements ended in 139, when he dicd in Luoyang 
(then the imperial capital) at the age of 62. 

As a successful astronomer, Zhang Heng (Fig. 63) was re- 
puted for his outstanding contribution to the science, his monu- 
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Fig. 63 Zhang Heng with his armillary 
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mental work Ling Xian (The Spiritual Constitution of the 
Universe). Based on philosophical principles, the treatise rais- 
ed the theory known as huntianshuo or the theory of nebulous 
heavens. Scientifically unsound as it may appear today, the 
hypothesis represented a significant improvement of the 
gaitianshuo which claimed that the heavens were a hemispheri- 
cal dome sheltering the earth in the shape of a big square plate. 
Zhang also gave the correct affirmation that the universe was 
infinite. 

He built, in 117, a new water-driven armillary, following 
his own hypothetical model. The main part of his instrument 
was a bronze globe inscribed with stars corresponding to those 
visible in a nightly sky. With gears and other apparatuses, the 
globe was driven by flowing water, making regular rotations. 
The velocity agreed with that of the apparent diurnal motion 
of the heavenly bodies. Zhang's invention, cnabling an ob- 
server to see indoors how the sun, the moon and the stars were 
revolving, could well be considered a forerunner of the modern 
astronomical clock. Another instrument named ruilun ming- 
jia (phase indicator) showed the moon’s periodic change in 
phase. 

Zhang’s intensive observations and researches led to his 
correct interpretation of the variations in the planets motion, 
the origin of moonlight and the cause of the lunar eclipses. 

As an imperial high official Zhang also had the recording 
of earthquakes as his duty. Long researches and experiments 
aimed at locating the centre of an earthquake resulted in his 
construction of the world’s first scismograph. Installed in 
Luoyang in the year 132 when its author was 55, the device 
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became a sensation for the precision in reporting a tremour 
hundreds of miles away. Zhang’s scismograph anticipated its 
Western counterpart by 1,600 years. 

Other inventions by Zhang included the south-pointing 
vehicle as a direction finder, an odometer announcing by the 
sound of a drum the distance made in a travel, a sundial and 
an anemoscope. The scholar’s interest extended to cover 
mathematics and geography. He was also reputed as one of 
the four artists flourishing in the first three centuries in China. 

Historians attribute Zhang Heng’s glorious achicvement 
to his industrious and strict scholarship. 


2. Zu Chongzhi, Lover of Truth 


In 429, or 290 years after Zhang Heng’s death, another 
prominent astronomer was born in China. He was Zu Chong- 
zhi (Fig. 64). ‘3 

A native of modern Dingxing, Hebei, he belonged to a 
family of astronomers and calendrical researchers. His father’s 
and grandfather's influence played an important role in the de- 
velopment of his high interest in the heavenly bodies and 
calculations. As a teen-ager he made extensive investigations 
of the scientific discoveries and inventions by earlier scholars 
and proceeded to evaluate and criticize these conclusions, ‘bas- 
ing himself on his own observations, calculation and experi- 
ments. Poorly equipped as he was, hc finally succeeded in 462 
in producing the Daming Calendar, the most precise calendar 
of his times. Outshining its predecessors in astronomical data, 
his new system made some breakthroughs in the methodology. 
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Fig. 64 Zu Chongzhi 


His most notable innovation was the recognition of the preces- 
sion of the equinoxes. 

Zu’s reforms irritated a handful of conservatives who 
tried to defend the out-dated calendar by declaring it as the 
embodiment of “divine will’’, invoking the help of theologians. 
An ardent lover of scientific truth, Zu was fearless in debating 
with them and emerged victorious. 

Zu was successful as a scientist because of his self-con- 
fidence and self-reliance and his refusal to take for granted the 
findings of his predecessors. Such an attitude was chicfly re- 
sponsible for his inventions and innovations. 

Also a remarkable mathematician, Zu produced his value 
of x to a considerably high precision to be reached by re- 
searchers outside China only more than a thousand ycars later. 
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Zu invented a boat that sailed at a speed of more than 30 
miles a day. He was also the designer of a new type of direc- 
tion finding device and a water-powered rice husker. 

His contributions to astronomy, mathematics and tech- 
nology won him reputation within and beyond the borders of 
his native country. He died in 500, at the age of 71. 


3. Nicolaus Copernicus, Father of Modern Astronomy 


In 15th-century feudalist Europe, the Roman Catholic 
Church dominated science and culture. Christian doctrines, 
which served the interests of the maintenance of feudalism, 
had it that God created and ruled over the world and every- 
thing in it. Geocentricism, or the theory based on the concept 
of the earth as the centre of the universe, won papal support 
as a part of the biblical creed of divine creation. Copernicus’ 
life-span of three score and ten years was overshadowed by: 
the ideological rule characterized by, among other things, this 
irrational interpretation of the structure of the universe. 

Born on February 19, 1473 at Torun near the bank of 
the Vistula River in Poland, young Nicolaus Copernicus (Fig. 
65) joined his contemporaries in preparing himself for ec- 
clesiastical ministry, expecting to become a successful clergy- 
man. He entered the University of Cracow at the Polish 
capital and later the University of Bologna, Italy, studying a 
wide range of disciplines which included medicine, philosophy, 
theology, astronomy, geography and mathematics. He acquired 
the mastery of such languages as Polish, German, Italian, 
Latin and Greek. Nicolaus, at the age of 28, was admitted into 
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Fig. 65 Nicolaus Copernicus 


the cathedral chapter of Frauenburg in 1501. Three years 
later he won the degree of doctor of canon law. 

Ironically, though a member of the clergy, Copernicus 
remained free from the ignorance supported by dogmas; he 
denied the geocentric theory. Repeated astronomical observa- 
tions which started on March 9, 1497, accompanied by inten- 
sive calculations, led him to the belief that the earth, like other 
known planets, revolves round the sun, leaving the moon as 
the sole heavenly body that makes geocentric motions. In 1507 
Nicolaus began preparing his treatise on the heliocentric theory. 
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By 1530 this monumental work entitled De revolutionibus or- 
bium coelestium (On the Revolutions of Celestial Spheres) was 
largely completed. It had remained unpublished until 1543 
when it was printed in Nuremberg, Germany, while the author 
was already confined to bed for illness. On May 25 the same 
year, the 70-year old great astronomer died. 

Nicolaus Copernicus’ greatness lies in his bold dissent 
from Christian orthodoxy and his daring challenge to tradi- 
tion in dealing, by his heliocentric theory, heavy blows at the 
-feudalist theocratic rule. 

The Copernican system (Fig. 66) is based largely on the 
assumption that the earth and the other known planets revolve 
along concentric circular orbits round the sun, with Mercury 


Fig. 66 Diagram of Copernican heliocentric system 
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on the innermost and Saturn on the outmost orbit, while the 
stars stand very far away from the sun. Copernicus’ theory 
and work gave the world a new concept of the universe. 
Though retaining some marks of the influence of metaphysics, 
the heliocentric theory came into a very important position in 
astronomy and its impact on world civilization has since been 
powerful and significant. 


4. Galileo, Staunch Champion for Science 


In the cathedral of Pisa, Italy, an 18-year old young man, 
while listening to the sermon, focused his eyes on a lamp swing- 
ing in the wind. His observation that the lamp always requir- 
ed the same amount of time to complete an oscillation led to 
his idea of using the pendulum in the measurement of time. 
Eventually he became the makcr of the world’s first clock. 
This curious student, later known as a great astronomer and 
physicist, was Galileo. 

Born on February 18, 1564 at Pisa, Galileo (Fig. 67) had 
an early interest in music and fine arts. At the age of 17 he 
became a student at the University of Pisa, where he studied 
medicine before turning to mathematics and physics. He was 
named professor of mathematics there at the age of only 25 
in recognition of his industrious and successful researches. 

A proponent of direct observation and experiment in nat- 
ural science, Galileo built his first telescope in 1608. With 
the help of this simple instrument he sighted mountains and 
depressions on the moon, the sunspots and Jupiter’s four satel- 
lites. He discovered the Milky Way to be a colony of countless 
stars and that Venus, like the moon, changed in phase. These 
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Fig. 67 Galileo 


and other discoveries combined to form strong evidence sup- 
porting the Copernican heliocentric theory. 

The Catholic Church intervened. The Papacy secretly 
summoned Galileo to Rome in 1616 and warned him that he 
must henceforth not hold nor defend heliocentricism, alleging 
that it was incompatible with divine revelation. 

In defiance of such a warning Galileo carried on his strug- 
gle by writing. His Dialogo sopri i due massimi sistemi del 
mondo, tolemico e copernicano (Dialogue Concerning the Two 
World Systems — Ptolemaic and Copernican), published in 
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June 1632, did not only ‘‘hold” and “defend” but also devecl- 
op and improve Copernicus’ theory. Scared by the pros- 
pect of further spread of scientific truth, ecclesiastical au- 
thorities took quick measures to ban this book. The author's 
arrest followed. Cruel persecution came in the form of the 
Inquisition’s order that he must recant and its imposition of 
house arrest on him. The great scientist did not, as was expect- 
ed, yield to theocratic power. He offered his Discorsi e 
dimostrazioni mathematiche intorno a due nuove scienze at- 
tenent alla meccanica (Dialogue Concerning Two New 
Sciences) to the world when he was in the advanced age of 71. 
Over exertion in telescopic observations resulted in his loss of 
sight in 1637. Galileo dicd on January 8, 1642, at the age of 
77. 

Formulated by Copernicus and defended and popularized 
by such scientists as Giordano Bruno and Galileo, the helio- 
centric theory manifested its vitality. It was for some time 
banned in countries still under papal control, but researches 
inspired by it was carried on where Roman Catholicism had 
lost its absolute authority. The scientific doctrine was repeat- 
edly confirmed and gradually improved by observations. The 
ultimate victory of science and truth over ecclesiastic power 
and falsehood came in 1822 when the Pope granted his formal 
recognition of the heliocentric theory in astronomy. 

As a great scientist, Galileo should not only be remember- 
ced but also be held as an example of industry, perseverance, 
earnestness and, above all, staunchness in upholding truth. 


